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(54) ZOOM LENS 
(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a small wide- 
angle zoom lens having a variable power ratio larger than 
three times, sufficiently separating the position of an 
exit pupil from the image plane, suppressing the 
distortion aberration and having a small number of lenses 
and little aberration. 

SOLUTION: At the time of zooming from the wide-angle 
end to the telescopic end, a first lens group G1 having a 
negative refractive power is moved to the image side 
and reversely moved to the object side on the way, a 
second lens group G2 having a positive refractive power 
is monotonously moved to the object side and a third 
lens group G3 having a positive refractive power is 
moved to the object side and reversely moved to the 
image side on the way. An aperture diaphragm S is 
located on the object side of the second lens group G2 
and integrally moved with it. By representing the focal 
distance of Mth lens group (M=1-3) by fM and the 
composite focal distance of the whole system at the 

wide-angle end by fW, the conditions: (1) 2.62<&verbar;f1&verbar;/fW<2.72 (fKO), (2) f3/fW<3.4 
and (3) 0.57<f2/f3<0.65 (f2>0, f3>0) are satisfied. 
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* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer.So the translation may not reflect the original 
precisely. 

2. **** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] The 1st group optical system which has negative refractive power one by one toward 
an image side from a body side, While preparing the aperture diaphragm which arranges the 3rd - 
group optical system which has the 2nd group optical system and the positive refractive power 
which have positive refractive power, and moves to the body side of the aforementioned 2nd 
group optical system at this 2nd group optical system and one at the time of zooming Zooming 
from a wide angle edge to a tele edge is faced, the aforementioned 1 st group optical system By 
moving an optical-axis top to an image side first, and reversing the move direction to a body side 
on the way, it moves to an image side at the convex arc of a convex, and change of a focal 
position is amended, the aforementioned 2nd group optical system An optical-axis top is moved 
to a body side in monotone, and variable power is performed, and the aforementioned 3rd group 
optical system By carrying out body side HE movement of the optical-axis top first, and 
reversing the move direction to an image side on the way the synthetic focal distance of the 
whole system [ in / fM and a wide angle edge / it moves to the convex arc of a convex, and 
variable power is performed to a body side, and / for the focal distance of the Mth group optical 
system (M=1-3) ] — fW ** — the time of carrying out — these — conditional )2.62<|f1 |/fW 
<2.72 (f 1 <0) 

(2)f3 /fW <3.4(3)0.57<f2 /f3 <0.65 (f2 >0,f3 >0) 

The zoom lens characterized by carrying out ** satisfactory. 

[Claim 2] The negative lens of the shape of a meniscus by which the aforementioned 1st group 
optical system turned the convex to the body side one by one toward the image side from the 
body side, Two lenses which come to arrange the meniscus-like positive lens which turned the 
convex to the body side are included, and and the aforementioned 2nd group optical system The 
positive lens which turned the refracting interface strong against a body side one by one toward 
the image side from the body side, the meniscus-like positive lens which turned the convex to 
the body side, and the meniscus-like negative lens which turned the convex to the body side — 
and — and the zoom lens according to claim 1 characterized by including four lenses which 
come to arrange the meniscus-like positive lens which turned the convex to the image side 
[Claim 3] The meniscus-like negative lens of the two lenses of the aforementioned 1st group 
optical system most located in a body side is a zoom lens according to claim 2 characterized by 
being the aspheric surface of the configuration to which negative refractive power becomes 
weak as the lens side by the side of an image separates from an optical axis. 
[Claim 4] The positive lens of the four lenses of the aforementioned 2nd group optical system 
most located in a body side is a zoom lens according to claim 2 or 3 characterized by being the 
aspheric surface of the configuration to which positive refractive power becomes weak as the 
lens side by the side of a body separates from an optical axis. 
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1 This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[The technical field to which invention belongs] this invention relates to a zoom lens suitable as 
a small wide angle zoom lens which has the tele cent rucksack nature for a digital still camera 
and video cameras which starts the optical system of a zoom lens, especially uses a solid state 
image pickup device for a photo detector. 
[0002] 

[Description of the Prior Art] In the so-called video camera which picturizes an animation, solid 
state image pickup devices, such as CCD (charge-coupled device) or MOS (metal oxide 
semiconductor), are used as a photo detector for an image pck-up from the former. Furthermore, 
the spread of a digital still camera or the cameras of the type which is only called a digital 
camera etc., picturizes a photographic subject image by the solid state image pickup device, 
obtains the image data of a photographic subject's static image (steel picture), and is recorded 
on IC (integrated circuit) card or a video floppy disk in digital one is remarkable in recent years. 
There is some digital camera which can picturize not only a static image but a dynamic image 
(movie picture). 

[0003] By the way, it is required for the optical system of the camera which used solid state 
image pickup devices, such as such CCD, that the exit-pupil position should fully have estranged 
from the image surface. This is based on the following reasons. That is, since the color filter of a 
solid state image pickup device exists in the position a little distant from the image pck-up side, 
when the flux of light carries out incidence from across, substantial aperture efficiency falls. 
Moreover, seldom changing ****** of the crystal filter for preventing the moire phenomenon 
resulting from the periodic structure of a solid state image pickup device on the outskirts a shaft 
top is called for. 

[0004] Moreover, especially, by the latest high sensitivity type small solid state image pickup 
device, a thing with a micro-lens array is just before an image pck-up side, and if the exit pupil 
has not fully estranged from the image surface in such a case, aperture efficiency will fall on the 
outskirts. The zoom lens which performs variable power is well known as the so-called 2 group 
zoom by arranging the 1 st lens group which has negative refractive power, and the 2nd lens 
group which has positive refractive power, consisting of body sides one by one, toward an image 
side, and changing the interval of the group of these 1st lens group and the 2nd lens group. Much 
of such 2 group zoom does not have a desirable exit-pupil position for becoming close to the 
image surface and applying to the camera using solid state image pickup devices, such as CCD. 
[0005] Then, behind the 2nd lens group, by arranging the fixed lens group or move lens group 
which has positive refractive power, it is possible to keep away an exit-pupil position from the 
image surface, and many zoom lenses are proposed. Thus, the example of the zoom lens which 
arranged the lens group which has positive refractive power behind the 2nd lens group is 
indicated by JP,3-20735,B, JP,7-52256,B, JP,6-94996,A, etc. However, the zoom lens indicated 
by JP,3-20735,B, JP,7-52256,B, etc. is designed mainly for single lens reflex camera (single lens 
reflex camera Rex) still cameras. 

[0006] For this reason, with the composition indicated by these Japanese Patent Publication No. 
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No. 20735 [ three to ] official report, and JP,7-52256,B, the positive refractive power of the 3rd 
lens group is very weak, and cannot fully keep away an exit pupil from the image surface. 
Moreover, without making it move into variable power, it fixed to the mid-position of the 1 st lens 
group and the 2nd lens group, and the zoom lens indicated by JP,6— 94996,A arranges the 
drawing position, in order to keep away an exit-pupil position from the image surface, the [ for 
this reason, / the 1st lens group and ] — restrictions are received in movement of 2 lens groups, 
and the variable power ratio remains in double-precision weakness 
[0007] 

[Problem(s) to be Solved by the Invention] In order that these people may cope with the problem 
mentioned above, the about 3-time variable power ratio was obtained, and moreover they could 
make the exit-pupil position fully estrange from the image surface, and have proposed the bright 
wide angle zoom lens suitable for a small digital still camera etc. until now. For example, the 
example of such a zoom lens is indicated by Japanese Patent Application No. No. 14308 [ nine 
to ] etc. On the other hand, the latest digital still camera tends to pursue high definition-ization, 
and the smallness [ picture ] of distortion has also become one of the important quality items in 
a high definition-ized-oriented digital still camera. The zoom lens indicated by Japanese Patent 
Application No. No. 14308 [ nine to ] mentioned above does not have enough amendment of 
distortion aberration, and it is thought that it is unsuitable for the digital still camera of a high- 
definition inclination [ recently ]. 

[0008] Then, these people suppressed distortion aberration further and proposed Japanese 
Patent Application No. No. 269170 [ nine to ] as a bright wide angle zoom lens it was made to fit 
a digital still camera etc. However, although the commercial scene of the present digital still 
camera maintains the height of picture quality, it is most important for it to attain low-costr 
ization. In such a viewpoint, the zoom lens of a Japanese Patent Application No. [ No. 269170 / 
nine to ] publication consists of nine lenses, and it is hard to say that the demand of low-cost- 
izing is fully met from the lens number of sheets. 

[0009] this invention was made in view of the situation mentioned above, can obtain 3 times or 
the variable power ratio beyond it, can make an exit-pupil position fully able to estrange from the 
image surface, moreover can suppress distortion aberration, moreover is small and aims at 
offering the zoom lens which can be constituted as a suitable bright wide angle zoom lens for the 
digital still camera which can be manufactured by aberration by the low cost few. Especially the 
purpose of the claim 1 of this invention has little lens number of sheets to need, and moreover is 
small, and aberration is to offer the zoom lens amended good. 

[0010] The purpose of the claim 2 of this invention is about the aberration generated by the 2nd 
lens group to offer an amendment zoom lens effectively while it is constituted from few lens 
number of sheets and makes a lens outer diameter small especially. Furthermore, especially the 
purpose of the claim 3 of this invention is to offer the zoom lens which can amend the negative 
distortion aberration which increases by the short focal distance side. The purpose of the claim 
4 of this invention is further again to offer the zoom lens which can prevent that it becomes 
insufficient especially amending spherical aberration. 
[0011] 

[Means for Solving the Problem] The zoom lens concerning this invention indicated to the claim 
1 In order to attain the purpose mentioned above, it goes to an image side from a body side, one 
by one The 3rd group optical system which has the 1 st group optical system which has negative 
refractive power, the 2nd group optical system which has positive refractive power, and positive 
refractive power is arranged. While preparing the aperture diaphragm which moves to this 2nd 
group optical system and one at the time of zooming in the body side of the aforementioned 2nd 
group optical system, zooming from a wide angle edge to a tele edge is faced, the 
aforementioned 1 st group optical system By moving an optical-axis top to an image side first, 
and reversing the move direction to a body side on the way, it moves to an image side at the 
convex arc of a convex, and change of a focal position is amended, the aforementioned 2nd 
group optical system An optical-axis top is moved to a body side in monotone, and variable 
power is performed, and the aforementioned 3rd group optical system By carrying out body side 
HE movement of the optical-axis top first, and reversing the move direction to an image side on 
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the way the synthetic focal distance of the whole system [ in / fM and a wide angle edge / it 
moves to the convex arc of a convex, and variable power is performed to a body side, and / for 
the focal distance of the Mth group optical system (M=1-3) ] — fW ** — the time of carrying 
out — these — conditional )2.62<|f1 j/fW <2.72 (f1 <0) 
(2)f3 /fW <3.4(3)0.57<f2 /f3 <0.65 (f2 >0,f3 >0) 
It is characterized by carrying out ** satisfactory. 

[0012] The zoom lens concerning this invention indicated to the claim 2 The negative lens of the 
shape of a meniscus by which the aforementioned 1 st group optical system turned the convex to 
the body side one by one toward the image side from the body side, Two lenses which come to 
arrange the meniscus-like positive lens which turned the convex to the body side are included, 
and moreover, the aforementioned 2nd group optical system The positive lens which turned the 
refracting interface strong against a body side one by one toward the image side from the body 
side, the meniscus-like positive lens which turned the convex to the body side, and the 
meniscus-like negative lens which turned the convex to the body side — and — and it is 
characterized by including four lenses which come to arrange the meniscus-like positive lens 
which turned the convex to the image side 

[0013] The meniscus-like negative lens of the two lenses of the aforementioned 1st group 
optical system most located in a body side is characterized by negative refractive power 
considering as the aspheric surface of the configuration which becomes weak by the zoom lens 
concerning this invention indicated to the claim 3 as the lens side by the side of an image 
separates from an optical axis. The positive lens of the four lenses of the aforementioned 2nd 
group optical system most located in a body side is characterized by positive refractive power 
considering as the aspheric surface of the configuration which becomes weak by the zoom lens 
concerning this invention indicated to the claim 4 as the lens side by the side of a body 
separates from an optical axis. 
[0014] 

[Function] Namely, the zoom lens by the claim 1 of this invention The 1st group optical system 
which has negative refractive power one by one toward an image side from a body side, While 
preparing the aperture diaphragm which arranges the 3rd group optical system which has the 2nd 
group optical system and the positive refractive power which have positive refractive power, and 
moves to the body side of the aforementioned 2nd group optical system at this 2nd group optical 
system and one at the time of zooming Zooming from a wide angle edge to a tele edge is faced, 
the aforementioned 1st group optical system By moving an optical-axis top to an image side 
first, and reversing the move direction to a body side on the way, it moves to an image side at 
the convex arc of a convex, and change of a focal position is amended, the aforementioned 2nd 
group optical system It considers as the composition which moves to the convex arc of a convex 
and performs variable power to a body side by the aforementioned 3rd group optical system's 
carrying out body side HE movement of the optical-axis top first, and reversing the move 
direction to an image side on the way by moving an optical-axis top to a body side in monotone, 
and performing variable power. 

[0015] and the synthetic focal distance of the whole system [ in / fM and a wide angle edge / 
for the focal distance of the Mth group optical system (M=1-3) ] — fW ** — the time of 
carrying out — these — conditional )2.62<|f1 |/fW <2.72 (f1 <0) 
(2)f3 /fW <3.4(3)0.57<f2 /f3 <0.65 (f2 >0,f3 >0) 

It constitutes so that it may carry out ** satisfactory. Movement magnitude of the 2nd group is 
lessened, it can be small and high variable power can be made to be able to make assistance of 
variable power able to bear, making the power burden of the 2nd group optical system mitigate, 
and to realize by such composition, by carrying out both-way movement of the 3rd group optical 
system. By making the range of the focal distance of the 1st group optical system into the range 
of conditions (1) especially, a zoom lens is miniaturized and aberration is lessened. 
[0016] Moreover, by making positive refractive power of the 3rd group optical system into the 
range of conditions (2), an exit-pupil position is made to estrange from the image surface, and 
tele cent rucksack nature is given, in spite of being few lens number of sheets furthermore by 
making distribution of the positive refractive power of the 2nd group optical system and the 3rd 
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group optical system into the range of conditions (3) — small — aberration — good — an 
amendment — things are made Therefore, while being able to obtain 3 times or the variable 
power ratio beyond it and being able to make an exit-pupil position fully estrange from the image 
surface by few lens number of sheets, distortion aberration can be suppressed, it is small and 
aberration is able to constitute as a few suitable bright wide angle zoom lens for a digital still 
camera etc. 

[0017] As for the zoom lens by the claim 2 of this invention, the aforementioned 1st group 
optical system goes to an image side from a body side. It has two lenses which come to arrange 
the meniscus-like negative lens which turned the convex to the body side, and the meniscus-like 
positive lens which turned the convex to the body side one by one. And the positive lens to 
which the aforementioned 2nd group optical system turned the refracting interface strong 
against a body side one by one toward the image side from the body side, It has four lenses 
which come to arrange the meniscus-like positive lens which turned the convex to the body side, 
the meniscus-like negative lens which turned the convex to the body side, and the meniscus-like 
positive lens which turned the convex to the body side. While constituting a zoom lens from few 
lens number of sheets and making a lens outer diameter small especially by such composition; 
the aberration generated by the 2nd lens group is amended effectively. 

[0018] The zoom lens by the claim 3 of this invention makes the lens side by the side of the 
image of the meniscus-like negative lens of the two lenses of the aforementioned 1 st group 
optical system most located in a body side the aspheric surface of the configuration to which 
negative refractive power becomes weak as it separates from an optical axis. By such 
composition, the negative distortion aberration which increases by the short focal distance side 
especially is amended effectively. The zoom lens by the claim 4 of this invention makes the. lens 
side by the side of the body of the positive lens of the four lenses of the aforementioned 2nd 
group optical system most located in a body side the aspheric surface of the configuration to 
which positive refractive power becomes weak as it separates from an optical axis. By such 
composition, it prevents that it becomes insufficient especially amending spherical aberration 
[0019] 

[The gestalt of implementation of the 1 st of invention] Hereafter, based on the gestalt of 
operation, the zoom lens of this invention is explained in detail with reference to a drawing. 
Drawing 1 shows the composition of the important section of the zoom lens concerning the 
gestalt of operation of the 1st of this invention, (a) of drawing 1 shows the lens composition in 
the state where this zoom lens was set as the wide angle edge of zooming, and (b) of drawing 1 
shows the lens composition in the state where this zoom lens was set as the tele edge of 
zooming. 

[0020] 3rd lens group [ which it reaches 2nd lens group G2 and is the 3rd group optical system ] 
G3 whose zoom lens shown in drawing 1 is the 1st lens group G1 and the 2nd group optical 
system which are the 1st group optical system one by one toward a photographic subject, i.e., 
body, side to an image side is arranged, the 1st lens group G1 consists of two lenses L1 and L2, 
and constitutes the 2nd lens group G2 from four lenses L3, L4, L5, and L6 — having — the 
[ and ] — 3 lens groups G3 consists of one lens L7 

[0021] Aperture-diaphragm S is arranged between the body sides G1 of the 2nd lens group G2, 
i.e., this 2nd lens group G2 and the 1st lens group. The filter F of 3rd lens group G3 with which it 
comes to put a low pass filter (LPF) L8 and the infrared light cut-off filter (IRCF) L9 together is 
further formed between the image surfaces at the image side. That is, optical elements L1-L7 
are lenses, and optical elements L8 and L9 are light filters. The 1st lens group G1 which consists 
of lenses L1 and L2 has negative refractive power. The 2nd lens group G2 which consists of 
lenses L3-L6 has positive refractive power. 3rd lens group G3 which consists of a lens L7 has 
positive refractive power. 

[0022] As shown in drawing 1 on the occasion of zooming of tele edge HE from a wide angle 
edge, the 1st lens group G1 carries out image side HE movement of the optical-axis top first, 
reverses the move direction from the middle, and moves to a body side. The 1st lens group G1 
amends the change of a focal position for [ edge / wide angle ] zooming of tele edge HE in this 
way by drawing tracing of a convex arc of a convex and moving to an image side. The 2nd lens 
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group G2 moves an optical-axis top to a body side in monotone on the occasion of zooming of 
tele edge HE from a wide angle edge. 3rd lens group G3 carries out body side HE movement of 
the optical-axis top first on the occasion of zooming of tele edge HE from a wide angle edge, 
reverses the move direction from the middle, and moves to an image side. 

[0023] In this way, 3rd lens group G3 draws tracing of a convex arc of a convex, and moves to a 
body side. It reaches 2nd lens group G2 and zooming of tele edge HE is performed from a wide 
angle edge by these variable power operation by movement of 3rd lens group G3. Thus, by 
making the convex arc of a convex carry out both-way movement of 3rd lens group G3 at a body 
side, assistance of variable power is made to bear, making the power burden of the 2nd lens 
group G2 mitigate, and movement magnitude of the 2nd lens group G2 is lessened, and it is small 
and makes it possible to make high variable power realize. 

[0024] Aperture-diaphragm S located in the body side of the 2nd lens group G2 moves to the 
2nd lens group G2 and one. Therefore, movement of the 2nd lens group G2 is not barred by 
aperture-diaphragm S. The above 1st the 3rd lens group G1 - G3 the focal distance of the 1st 
lens group G1 f1, the focal distance of the 2nd lens group G2 — the [ f2 and ] — the focal 
distance of 3 lens groups G3 — f3, the [ i.e., ], — the focal distance of M lens groups (M=1-3) - 
- fM ** — the synthetic focal distance of the whole system [ in / a wide angle edge / it carries 
out and ] — fW ** — when carrying out, it is constituted so that each following conditions may 
be satisfied 

[0025] Condition (1): 2.62<|f1 |/fW <2.72 (f1 <0) 

Conditions (2) 

f3 / fW <3.4 conditions (3) 

0.57<f2 /f3 <0.65 (f2 >0,f3 >0) 

Conditions (1) miniaturize a zoom lens and are the focal distance f1 of the 1st lens group G1 of 
an amendment sake good about aberration. They are the conditions which regulate the range. At 
under the minimum of conditions (1), although it is advantageous to the miniaturization of the 
lens whole system, since the negative refractive power of the 1st lens group G1 becomes strong 
too much and many aberration, such as spherical aberration, gets worse, it is not desirable, 
moreover — if the upper limit of conditions (1) is exceeded — aberration — good — an 
amendment — although things are made, it becomes difficult to miniaturize the lens whole 
system 

[0026] Conditions (2) are conditions which regulate the positive refractive power of 3rd lens 
group G3. If the upper limit of conditions (2) is exceeded, the positive refractive power of 3rd 
lens group G3 will become inadequate, an exit-pupil position will approach the image surface, and 
tele cent rucksack nature will be lost. Conditions (3) are conditions which regulate distribution of 
the refractive power of the 2nd lens group G2 and 3rd lens group G3 which both have positive 
refractive power, this condition (3) — the [ the 2nd lens group G2 and ] — 3 lens groups G3 — 
few composition number of sheets — carrying out — moreover — a miniaturization — easy — 
carrying out — in addition — and it is the thing of an amendment sake good about aberration 
[0027] since the refractive-power burden which is the 2nd lens group G2 in order for the 
refractive power of 3rd lens group G3 to become inadequate, and for the effect of this 3rd lens 
group G3 to decrease and to compensate the refractive power of 3rd lens group G3 under with 
the minimum of conditions (3) becomes excessive, spherical aberration gets worse and the flat 
nature of an image also becomes bad, it is not desirable although the refractive-power burden of 
the 2nd lens group G2 will be mitigated, spherical aberration will become good and the flat nature 
of an image will also become good, since the refractive-power burden of 3rd lens group G3 is 
large, if the upper limit of conditions (3) is exceeded — the [ the negative refractive power of 
the 1st lens group G1, and ] — it agrees also in the inclination for both positive refractive power 
of 2 lens groups G2 to become weak, and achievement of a miniaturization of the whole system 
becomes difficult (The above corresponds to the claim 1 of this invention.) 

[0028] As shown in drawing 1 , the 1st lens group G1 consisted of a meniscus-like negative lens 
L1 which turned the convex to the body side, and a meniscus-like positive lens L2 which turned 
the convex to the body side, and arranges these two lenses L1 and L2 in order of L1-L2 one by 
one toward an image surface side from the body side. Moreover, the 2nd lens group G2 consists 
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of the positive lens L3 which turned the refracting interface strong against a body side, a 
meniscus-like positive lens L4 which turned the convex to the body side, a meniscus-like 
negative lens L5 which turned the convex to the body side, and a meniscus-like positive lens L6 
which turned the convex to the image side. These four lenses L3-L6 are arranged in order of 
L3-L4-L5-L6 one by one toward an image side from the body side. 

[0029] The whole was constituted from few lens number of sheets, and moreover, in order to 
make a lens outer diameter small, the negative lens L1 which constitutes the 1st lens group G1 
is arranged to the body side. And generating of spherical aberration is first suppressed for the 
spherical aberration generated by the 2nd lens group G2, comatic aberration, and astigmatism as 
much as possible by the positive lenses L3 and L4 of two sheets at an amendment sake, positive 
refractive power is acquired as a whole, following it, it supposes that amendment is superfluous 
at a negative lens L5, and the field angle difference of each aberration is equalized by the 
positive lens L6 which continues further. (The above corresponds to the claim 2 of this 
invention.) 

[0030] The meniscus-like negative lens L1 which turned the convex to the body side of the 1st 
lens group G1 arranged most at a body side forms the lens side by the side of an image in the 
aspheric surface of the configuration to which negative refractive power becomes weak as it 
separates from an optical axis. Thus, the negative distortion aberration which increases 
especially by the short focal distance side is amended by forming the aspheric surface of the 
configuration to which negative refractive power becomes weak as the lens side by the side of 
the image of the negative lens L1 of the shape of a meniscus by the side of a body separates 
from an optical axis most of the 1st lens group G1. (The above corresponds to the claim 3 of 
this invention.) 

[0031] The positive lens L3 which turned the refracting interface strong against the body side of 
the 2nd lens group G2 arranged most at a body side forms the lens side by the side of a body in 
the aspheric surface of the configuration to which positive refractive power becomes weak as it 
separates from an optical axis. Thus, it has prevented that it mainly becomes insufficient 
amending spherical aberration by forming the aspheric surface of the configuration to which 
positive refractive power becomes weak as the lens side by the side of the body of the positive 
lens L3 of the 2nd lens group G2 which is in a body side most separates from an optical axis. 
(The above corresponds to the claim 4 of this invention.) 
[0032] 
[0033] 

[The 1st example] Next, the concrete data of the zoom lens of the 1st example concerning the 
gestalt of the 1st operation mentioned above are shown in Table 1 - 3. Table 1 is lens data of 
the optical system which constitutes a zoom lens, Table 2 is data of the aspheric surface and 
Table 3 is data of the good variate of a variable part. When this zoom lens makes the focal 
distance of the whole system to f and makes [ the f number ] omega and image quantity Y' for 
F/No. and a half-field angle, it is f= 5.6-1 6.8mm, F/No =2.8-5.1, omega=32.2-1 1.7deg, and 
Y -3.47, respectively. The field number from the body side of the optical surface which 
constitutes optical system i (i=1-18), A spacing with the optical surface (optical surface which 
adjoins an image side) of ri and consecutiveness for the radius of curvature of each optical 
surface di, an optical-element number — j (that is, each optical element is expressed with Lj 
(natural number of j-1-10)), and optical element Lj the refractive index of an optical material — 
nj and optical element Lj the Abbe number of an optical material — nuj ** — it carries out and 
the lens data of the optical system which constitutes a zoom lens are shown in Table 1 
[0034] 
[Table 1] 
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i 


r i 




j 




A 


1 


2 9. 6 0 3 


0.8 0 


1 


1. 6 9 3 5 0 


5 3.20 


2 


5.016 


2.7 8 








3 


8.837 


1 . 6 7 


2 


1. 8 46 6 6 


2 6.10 


4 


14. 18 4 










5 




0.5 0 








6 


15. 5 5 4 


1.3 5 


3 


1. 6 9 3 5 0 


5 3.20 


7 


-5 3. 6 6 7 


0.10 








8 


5. 7 9 7 


1.4 1 


4 


1. 6 9 6 8 0 


5 5.50 


9 


2 4. 2 18 


0.2 9 








1 0 


2 1. 5 3 8 


1 . 4 5 


5 


1. 8 4 6 6 6 


2 6.10 


1 1 


4.512 


0.9 4 








1 2 


-3 3. 19 2 


1.0 9 


6 


1. 5 16 8 0 


6 4. 2 0 


1 3 


-9. 8 4 0 










1 4 


14. 0 3 5 


1.7 6 


7 


1. 4 8 7 4 9 


7 0.40 


1 5 


-3 4. 5 4 2 










1 6 


0. 000 


2.0 0 


8 


1. 5 16 8 0 


6 4.20 


1 7 


0. 0 0 0 


1. 10 


9 


1. 5 4 0 7 2 


4 7.20 


1 8 


0. 000 











[0035] radius of curvature ri of Table 1 "0.000" which can be set — the notation — radius of 
curvature ri It means that it is infinity (infinity) and it is shown that the optical surface 
concerned is a flat surface. Therefore, both sides 16, 17, and 18 of the optical elements L8 and 
L9 which constitute Filter F are flat surfaces, and both [ these ] the optical elements L8 and L9 
are densely joined in respect of 17. 

[0036] Table 1 — setting — the 2nd optical surface 2 and the 6th optical surface 6, the [ i.e., ], 
— the [ the lens side 2 by the side of the image of the negative lens L1 of the shape of a 
meniscus of 1 lens group G1 arranged most at a body side, and ] — the lens side 6 by the side 
of the body of the positive lens L3 of 2 lens groups G2 arranged most at a body side is made 
into the aspheric surface When the aspheric surface makes an optical axis agree, makes an 
optical axis and a Z coordinate shaft cross at right angles and takes a Y coordinate like common 
knowledge, it is the curved surface which is made to rotate the curve which r and a cone 
constant are expressed with K and expressed with several 1 in the radius of curvature on an 
optical axis considering a high order aspheric surface coefficient as A, B, and C around an 
optical axis, and is obtained. 
[0037] 
[Equation 1] 

Z = ■ +AY 4 +BY 6 +CY 8 

1 W 1- (14-K) (Y/r) 2 

That is, the aspheric surface specifies a configuration by giving and defining each parameter of 
the radius of curvature r on an optical axis, the cone constant K and a high order aspheric 
surface coefficient A, and B and C as the formula of the several 1 aspheric surface. 
[0038] It follows. The 2nd optical surface 2 in Table 1, the lens side 2 by the side of the image of 
the meniscus-like negative lens L1 which was got blocked and turned the convex to the body 
side of the 1st lens group G1 arranged most at a body side and the 6th optical surface 6 in Table 
1, and a refracting interface strong against the body side of the 2nd lens group G2 of jamming 
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arranged most at a body side The lens side 6 by the side of the body of the turned positive lens 
L3 is formed in the radius of curvature r on the optical axis shown in Table 2, the cone constant 
K and a high order aspheric surface coefficient A, and the aspheric surface defined by each 
parameter of B and C. 
[0039] 
[Table 2] 





K 


A 


B 


C 


r 2 


-0. 48910 


-1. 17784E-4 


4. 42787E-6 


-2. 03162E-7 


r 6 


-2. 30557 


-5. 51748E-5 


-2. 74870E-6 


-8. 10602E-8 



[0040] It sets to Table 1 and is Spacing di. The 4th optical surface 4 made "adjustable", the 13th 
optical surface 13, and the 15th optical surface 15, It changes, as the spacing d4 with the 
following optical surfaces (field number) 5, 14, and 16, d13 and d15, the wide angle edge whose 
focal distance f of the whole system is 5.60mm, the middle focal distance whose focal distance f 
is 9.70mm, and a focal distance f are shown in Table 3 in the tele edge which is 1 6 80mm 
[0041] 

[Table 3] 



f 


5. 6 0 


9. 7 0 


1 6. 8 0 


d 4 


16.18 


6. 5 1 


1.6 0 


d 13 


2.2 6 


6. 9 5 


1 6. 6 4 


d 15 


1. 00 


1.3 3 


0. 7 1 



[0042] The distance from the 1 st optical surface of the lens overall length in the wide angle edge 
in this case, i.e., optical system, to the image surface is 40.06mm. The aberration view in this 1st 
example is shown in drawing 2 - drawing 4 . Drawing 2 is an aberration view [ in / a tele edge / a 
wide angle edge and drawing 3 , and / in drawing 4 ]. / a middle focal distance In addition, in the 
aberration view, in spherical aberration and SC, sine condition and Ast show astigmatism and 
Dist shows [ SA ] distortion aberration, "d" in each aberration view shows the aberration over d 
line, and "g" shows the aberration over g line. The solid line shows the sagittal ray and the 
dashed line shows [ in / the astigmatic view / in a spherical-aberration view, are a solid line 
about spherical aberration, and a dashed line shows sine condition, respectively, and ] the 
meridional beam of light, respectively. According to drawing 2 - drawing 4 , also in any of the 
wide angle edge in a zoom region, a middle focal distance, and a tele edge, aberration is amended 
good and it was checked that a performance is good. 
[0043] 

[The gestalt of implementation of the 2nd of invention] Drawing 5 shows the composition of the 
important section of the zoom lens concerning the gestalt of operation of the 2nd of this 
invention, (a) of drawing 5 shows the lens composition in the state where this zoom lens was set 
as the wide angle edge of zooming, and (b) of drawing 5 shows the lens composition in the state 
where this zoom lens was set as the tele edge of zooming 3rd lens group G3[ whose zoom 
lenses shown in drawing 5 are 1st lens group G1" which is the 1st group optical system one by 
one toward a photographic subject, i.e., body, side to an image side, and the 2nd group optical 
system / which it lens / 2nd / group G2' reaches, and is the 3rd group optical system ] ' is 
arranged. 

[0044] 1st lens group G1' consists of two lens LI" and L2', and 2nd lens group G2' consists of 
four lens L3\ L4\ L5', and L6' — having — the [ and ] — 3 lens groups G3' consists of one lens 
LT the body side of 2nd lens group G2', the [ i.e., ], — aperture-diaphragm S is arranged 
between 1 lens group G1' The filter F with which it comes to put together the completely same 
low pass filter L8 and completely same infrared light cut-off filter L9 as a case of the gestalt of 
the 1 st operation of 3rd lens group G3' which are shown in an image side between the image 
surfaces at drawing 1 is formed further. That is, optical-element LI* - L7' is a lens, and optical 
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elements L8 and L9 are light filters. 

[0045] In addition, in drawing 5 , although the sign of each spacing is omitted, it is the same as 
the sign given to drawing 1 . 1st lens group GV which consists of lens LV and L2' has negative 
refractive power. 2nd lens group G2' which consists of lens L3-L6' has positive refractive power. 
3rd lens group G3' which consists of lens L7' has positive refractive power. 1st lens group GV 
carries out image side HE movement of the optical-axis top first on the occasion of zooming of 
tele edge HE from a wide angle edge, reverses the move direction from the middle, and moves. to 
a body side. 1st lens group GV amends the change of a focal position for [ edge / wide angle ] 
zooming of tele edge HE in this way by drawing tracing of a convex arc of a convex and moving 
to an image side. 

[0046] 2nd lens group G2' moves an optical-axis top to a body side in monotone on the occasion 
of zooming of tele edge HE from a wide angle edge. 3rd lens group G3' carries out body side HE 
movement of the optical-axis top first on the occasion of zooming of tele edge HE from a wide 
angle edge, reverses the move direction from the middle, and moves to an image side. In this 
way, 3rd lens group G3' draws tracing of a convex arc of a convex, and moves to a body side. It 
lens [ 2nd ] group G2' Reaches, and zooming of tele edge HE is performed from a wide angle 
edge by these variable power operation by movement of 3rd lens group G3\ Thus, by making the 
convex arc of a convex carry out both-way movement of 3rd lens group G3' at a body side, 
assistance of variable power is made to bear, making the power burden of 2nd lens group G2' 
mitigate, and movement magnitude of 2nd lens group G2' is lessened, and it is small and makes it 
possible to make high variable power realize. 

[0047] Aperture-diaphragm S located in the body side of 2nd lens group G2' moves to 2nd lens 
group G2' and one. Therefore, movement of 2nd lens group G2' is not barred by aperture- 
diaphragm S. above 1st 3rd lens group GV - G3' — the case of the gestalt of the 1st operation 
— the same — the focal distance of the Mth lens group (M=1-3) — fM ** — synthetic focal 
distance fW of the whole system [ in / a wide angle edge / it carries out and ] ** — when 
carrying out, it is constituted so that condition (1) - (3) mentioned above may be satisfied 
[0048] As shown in drawing 5 , 1st lens group GT consisted of meniscus-like negative-lens LV 
which turned the convex to the body side, and meniscus-like positive-lens L2' which turned the 
convex to the body side, and arranges these two lens LV and L2' in order of LV-L2' one by one 
toward an image surface side from the body side. Moreover, positive-lens L3' to which 2nd lens 
group G2' turned the refracting interface strong against a body side, Meniscus-like positive-lens 
L4' which turned the convex to the body side, meniscus-like negative-lens L5' which turned the 
convex to the body side, And it consisted of meniscus-like positive-lens L6' which turned the 
convex to the image side, and these four lens L3' - L6' is arranged in order of L3'-L4'-L5'-L6' 
one by one toward an image side from the body side. 

[0049] Negative-lens LV of the shape of a meniscus of 1st lens group GV arranged most at a 
body side forms the lens side 2 by the side of an image in the aspheric surface of the 
configuration to which negative refractive power becomes weak as it separates from an optical 
axis. Positive-lens L3' of 2nd lens group G2' arranged most at a body side forms the lens side 6 
by the side of a body in the aspheric surface of the configuration to which positive refractive 
power becomes weak as it separates from an optical axis. 
[0050] 

[The 2nd example] Next, the concrete data of the zoom lens of the 2nd example concerning the 
gestalt of the 2nd operation mentioned above are shown in Table 4-6. Table 4 is lens data of 
the optical system which constitutes a zoom lens, Table 5 is data of the aspheric surface and 
Table 6 is data of the good variate of a variable part, this zoom lens — the focal distance of f= 

5.6-1 6.8mm of the whole system, and f number F/No.=2.8-5.1 — half it is field angle 

omega=32.2-1 1.8deg and image quantity Y-3.47 

[0051] 

[Table 4] 
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i 


r i 


1 

d i 


J 






i 

i 


^ D. 4 D b 


0.8 0 


1 


1. 8 0 6 1 0 


4 0.70 


o 




1 . 9 5 








Q 
O 


o. 17 7 


1 . 9 3 


2 


1 . 8 4 6 6 6 


2 3.80 


4 


15. 9 2 4 










c 
D 




0.5 0 








b 


16. 16 8 


1 . 3 9 


3 


1- 7 4 3 3 0 


4.9. 30 


7 


- 2 5. 5 8 9 


0. 1 0 








8 


4. 7 6 1 


1. 3 2 


4 


1. 6 7 7 9 0 


5 5. 5 0 


Q 

y 


9. 4 6 2 


0.4 3 




- 




1 0 


12. 4 6 2 


0.8 0 


5 


1. 8 4 6 6 6 


2 3.80 


1 1 


4. 0 0 5 


1. 0 4 








1 2 


- 1 6. 6 8 1 


1. 0 5 


6 


1. 4 8 7 4 9 


7 0.40 


1 3 


- 8. 3 9 5 










1 4 


14. 4 5 8 


1.9 1 


7 


1. 4 8 7 4 9 


7 0.40 


1 5 


— 2 ^ Ran 










1 6 


0. 0 0 0 


2.0 0 


8 


1. 5 16 8 0 


6 4. 2 0 


1 7 


0. 0 00 


1. 1 0 


9 


1. 5 4 0 7 2 


4 7. 2 0 


1 8 


0. 0 0 0 











[0052] the 2nd optical surface 2 in Table 4, the [ i.e., ], — the lens side 2 by the side of the 
image of negative-lens L1 ' of the shape of MENISUKA of 1 lens group G1 * arranged most at a 
body side and the 6th optical surface 6 in Table 4, the [ i.e., ], — the lens side 6 by the side of 
the body of positive-lens L3' of 2 lens groups G2' arranged most at a body side It is formed in 
the radius of curvature r on the optical axis shown in Table 5, the cone constant K and a high 
order asphenc surface coefficient A, and the aspheric surface defined by each parameter of B 
and C. 

[0053] 
[Table 5] 





K 


A 


B 


C 




-0. 51816 


-4. 55330E-5 


5. 23933E-6 


-1. 75866E-7 


r 6 


-2. 5959T 


-5. 94777E-5 


-3. 79326E-6 


-6. 68516E-8 



[0054] It sets to Table 1 and is Spacing di. The spacing with the next optical surfaces (field 
number) 5, 14, and 16 of the 4th optical surface 4 made "adjustable", the 13th optical surface 
13, and the 15th optical surface 15 changes, as the wide angle edge whose focal distance f of 
the whole system is 5.60mm, the middle focal distance whose focal distance f is 9.70mm, and a 
focal distance f are shown in Table 6 in the tele edge which is 1 6 81 mm 
[0055] 
[Table 6] 



f 


5. 60 


9. 7 0 


1 6. 8 1 


d 4 


1 5. 6 5 


6. 23 


1.6 0 


d 13 


2. 02 


6. 39 


1 6. 0 7 


d 15 


1. 00 


1.5 0 


1. 0 1 



[0056] The distance from the 1 st optical surface 1 of the lens overall length in the wide angle 



http://www4.ipdl.jpo.go.jp/cgi-bin/tran_web_cgi_ejje 



2003/09/22 



11/14 y<— is 



edge in this case, i.e., optical system, to the image surface is 38.06mm. The aberration view in 
this 2nd example is shown in drawing 6 - drawing 8 . Drawing 6 is an aberration view [ in / a tele 
edge / a wide angle edge and drawing 7 , and / in drawing 8 ]. / a middle focal distance 
According to drawing 6 - drawing 8 , also in any of the wide angle edge in a zoom region, a 
middle focal distance, and a tele edge, aberration is amended good and it was checked that a 
performance is good. 
[0057] 

[The gestalt of implementation of the 3rd of invention] Drawing 9 shows the composition of the 
important section of the zoom lens concerning the gestalt of operation of the 3rd of this 
invention, (a) of drawing 9 shows the lens composition in the state where this zoom lens was set 
as the wide angle edge of zooming, and (b) of drawing 9 shows the lens composition in the state 
where this zoom lens was set as the tele edge of zooming, the 1 st whose zoom lens shown in 
drawing 9 is the 1st group optical system one by one toward an image side from a photographic 
subject, i.e., body, side — the 2nd which is lens group G1" and the 2nd group optical system — 
the [ lens group G2" and ] — 3rd lens group G3" which is 3 group optical system is arranged , 
[0058] the — one — a lens — a group — G — one — " — two — a sheet — a lens — L — . 
one — " — and — L — two — " — constituting — having — the — two — a lens — a group - 

- G — two — " — four — a sheet — a lens — L — three — " — L — four — " — L — five - 

- " — and — L — six — " — constituting — having — the — 3 lens the 2nd — a lens group 
G2" body side, i.e., the 1st, — aperture-diaphragm S is arranged between lens group G1" The 
filter F with which it comes to put the still more nearly same low pass filter L8 as **** between 
the image surfaces to an image side and the infrared light cut-off filter L9 of 3rd lens group G3" 
together is formed. That is, an optical element L1 "-L7" is a lens, and optical elements L8 and 
L9 are light filters. 1st lens group G1" which consists of lens L1" and L2" has negative 
refractive power. A lens L3 "the 2nd lens group G2 which consists of -L7"" has positive 
refractive power. 3rd lens group G3" which consists of lens L7" has positive refractive power. 
[0059] the 1st — lens group G1" — zooming of a wide angle edge to tele edge HE — facing — 
an optical-axis top — first — image side HE movement — carrying out — on the way — the 
shell move direction is reversed and it moves to a body side the 1 st — the change of a focal 
position for [ edge / wide angle ] zooming of tele edge HE by drawing tracing of a convex arc of 
a convex on an image side in this way lens group G1", and moving — an amendment the 2nd — 
lens group G2", an optical-axis top is moved to a body side in monotone on the occasion of 
zooming of tele edge HE from a wide angle edge 3rd lens group G3" carries out body side HE 
movement of the optical-axis top first on the occasion of zooming of tele edge HE from a wide 
angle edge, reverses the move direction from the middle, and moves to an image side. In this 
way, 3rd lens group G3" draws tracing of a convex arc of a convex, and moves to a body side, 
these [ 2nd ] — the [ lens group G2" and ] — zooming of tele edge HE is performed from a wide 
angle edge by variable power operation by movement of 3 lens groups G3" 

[0060] thus, the thing made for the convex arc of a convex to carry out both-way movement of 
3rd lens group G3" at a body side — the 2nd — assistance of variable power is borne, making a 
lens group G2" power burden mitigate — making — the 2nd — lens group G2" movement 
magnitude is lessened, and it is small and makes it possible to make high variable power realize 
the 2nd — aperture-diaphragm S located in a lens group G2" body side — the 2nd — it moves 
to lens group G2" and one therefore, aperture-diaphragm S — the 2nd — movement of lens 
group G2" is not barred the above 1st - the 3rd lens group G1 "-G3" — the case of the gestalt 
of the 1st and the 2nd operation — the same — the focal distance of the Mth lens group (M=1- 
3) — fM ** — synthetic focal distance fW of the whole system [ in / a wide angle edge / it 
carries out and ] ** — when carrying out, it is constituted so that condition (1) - (3) mentioned 
above may be satisfied 

[0061] it is shown in drawing 9 — as — the 1st lens group G — it consisted of negative-lens 
L1" of the shape of a meniscus which turned the convex to the body side, and positive-lens L2" 
of the shape of a meniscus which turned the convex to the body side, and lens L1 " of these two 
sheets and 1" L2" are arranged in L1 "-L2" order one by one toward an image surface side from 
the body side moreover, the 2nd — positive-lens L which turned the refracting interface strong 
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against a body side lens group G2" — 3" Positive-lens L4" of the shape of a meniscus which 
turned the convex to the body side, negative-lens L5" of the shape of a meniscus which turned 
the convex to the body side, And it consisted of positive-lens L6" of the shape of a meniscus 
which turned the convex to the image side, and these four lenses L3 "-L6" are arranged in L3 

L4 L5 -L6 order one by one toward an image side from the body side. 
[0062] the 1st — negative-lens L1" of the shape of a lens group G1" meniscus arranged most 
at a body side is formed in the aspheric surface of the configuration to which it is alike, and it 
follows and negative refractive power becomes weak which separates the lens side 2 by the side 
of an image from an optical axis the 2nd — lens group G2" positive-lens L3" arranged most at a 
body side, the lens side 6 by the side of a body is formed in the aspheric surface of the 
configuration to which it is alike, and it follows and positive refractive power becomes weak 
which separates from an optical axis 
[0063] 

[The 3rd example] Next, the concrete data of the zoom lens of the 3rd example concerning the 
gestalt of the 3rd operation mentioned above are shown in Table 7-9. Table 7 is lens data of 
the optical system which constitutes a zoom lens, Table 8 is data of the aspheric surface and 
Table 9 is data of the good variate of a variable part, this zoom lens — the focal distance of f= 

5.6-1 6.8mm of the whole system, and f number F/No.=2.8-5.0 — half it is field angle 

omega=32.2-1 1 .7deg and image quantity Y -3.47 

[0064] 

[Table 7] 



i 




d i 


j 






1 


2 1. 7 9 2 


0.8 0 


1 


1. 7 4 3 3 0 


4 9.30 


2 


5. 0 0 0 


2. 7 1 








3 


| 8. 19 7 


1.6 4 


2 


1. 8 4 6 6 6 


2 3. 8 0 


4 


12. 10 2 










5 




0. 5 0 








6 


14. 117 


1.3 9 


3 


1. 6 9 3 5 0 


5 3.20 


7 


-4 1. 9 7 0 


0. 1 0 








8 


5. 10 5 


1. 3 1 


4 


1. 6 9 6 8 0 


5 5.50 


9 


10. 2 3 2 


0.3 4 








1 0 


10. 9 7 6 


0. 9 3 


5 


1. 8 4 6 6 6 


2 3.80 


1 1 


4. 12 2 


1. 0 1 








1 2 


-31. 053 


1.0 8 


6 


1- 4 8 7 4 9 


7 0.40 


1 3 


- 9. 9 9 0 










1 4 


15. 6 11 


1. 7 4 


7 


1. 4 8 7 4 9 


7 0.40 


1 5 


-2 8. 8 9 8 


om> 








1 6 


0. 0 0 0 


2. 0 0 


8 


1. 5 16 8 0 


6 4. 2 0 


1 7 


0. 000 


1. 1 0 


9 


1. 5 4 0 7 2 


4 7.20 


1 8 


0. 0 0 0 











[0065] the 2nd optical surface 2 in Table 7, i.e., the 1 st, — the lens side 2 by the side of a 
negative-lens L1" [ of the shape of a lens group G1" meniscus arranged most at a body side ] 
image and the 6th optical surface 6 in Table 7, i.e., the 2nd, — the lens side 6 by the side of a 
body with a positive-lens L3" of lens group G2" arranged most at a body side It is formed in the 
radius of curvature r on the optical axis shown in Table 8, the cone constant K and a high order 
aspheric surface coefficient A, and the aspheric surface defined by each parameter of B and C 
[0066] 
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[Table 8] 





K 


A 


B 


C 




-0. 45712 


-7. 34889E-5 


4. 72867E-6 


-1. 92517E-7 


r 6 


-2. 08733 


-4. 4D893E-5 


-3. 65895E-6 


-7. 36708E-8 



[0067] It sets to Table 7 and is Spacing di. The spacing with the next optical surfaces (field 
number) 5, 14, and 16 of the 4th optical surface 4 made "adjustable", the 13th optical surface 
13, and the 15th optical surface 15 changes, as the wide angle edge whose focal distance f of 
the whole system is 5.60mm, the middle focal distance whose focal distance f is 9.70mm, and a 
focal distance fare shown in Table 9 in the tele edge which is 16.80mm. 
[0068] 
[Table 9] 



f 


5.6 0 


9.7 0 


16.80 


d 4 


15.65 


6. 3 0 


1. 6 0 


d 13 


2. 4 0 


6.7 9 


1 6. 4 5 


*15 


1. 0 0 


1. 5 0 


1.0 2 



[0069] In this case, the distance from the 1st optical surface of the lens overall length in a wide 
angle edge, i.e., optical system, to the image surface is 39.08mm. The aberration view in this 3rd 
example is shown in drawing 10 - drawing 12 . Drawing 10 is an aberration view [ in / a tele 
edge / a wide angle edge and drawing 1 1 , and / in drawing 1 2 ]. / a middle focal distance 
According to drawing 10 - drawing 12 , also in any of the wide angle edge in a zoom region, a 
middle focal distance, and a tele edge, aberration is amended good and it was checked that a 
performance is good. Each parameter |f1 |/fW in the 1st mentioned above - the 3rd example, 
f3 /2 / f3, and an image quantity ratio: The distortion aberration DW (1 .0) in the wide angle edge 
in 1.0 is shown in Table 10. [ fW and f2 ] 
[0070] 
[Table 10] 





l f i l/ f w 




f 2 / f 3 


D ff (1. 0) 


m i owmm 


2.723 


3. 70 


0. 6 0 4 


- 1. 8 0% 




2.744 


3. 45 


0. 6 4 9 


- 1. 5 8% 


% 3 (D^ffiM 


2. 6 2 6 


3. 7 6 


0. 5 7 8 


- 1. 6 5% 



[0071] As mentioned above, according to the 1st of this invention - the 3rd example, a variable 
power ratio makes an exit-pupil position fully estrange from the image surface by 3 times, 
moreover, it is small, and aberration is amended good, and it can consider as a zoom lens with 
still less lens number of sheets which suppressed distortion aberration to 2% or less. Such a 
zoom lens can be constituted as a suitable bright wide angle zoom lens for a digital still camera 
etc. 
[0072] 

[Effect of the Invention] As stated above, according to the claim 1 of this invention, it goes to an 
image side from a body side. The 3rd group optical system which has the 1st group optical 
system which has negative refractive power, the 2nd group optical system which has positive 
refractive power, and positive refractive power one by one is arranged. While preparing the 
aperture diaphragm which moves to this 2nd group optical system and one at the time of 
zooming in the body side of the aforementioned 2nd group optical system, zooming from a wide 
angle edge to a tele edge is faced, the aforementioned 1st group optical system By moving an 
optical-axis top to an image side first, and reversing the move direction to a body side on the 
way, it moves to an image side at the convex arc of a convex, and change of a focal position is 
amended, the aforementioned 2nd group optical system It considers as the composition which 
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moves to the convex arc of a convex and performs variable power to a body side by the 
aforementioned 3rd group optical system s carrying out body side HE movement of the optical- 
axis top first, and reversing the move direction to an image side on the way by moving an 
optical-axis top to a body side in monotone, and performing variable power, and the synthetic 
focal distance of the whole system [ in / fM and a wide angle edge / for the focal distance of 
the Mth group optical system (M=1-3) ] — fW ** — the time of carrying out — these — 
condition^ )2.62<|f1 |/fW <2.72 (f1 <0) " 
(2)f3 /fW <3.4(3)0.57<f2 /f3 <0.65 (f2 >0,f3 >0) 

By constituting so that it may carry out ** satisfactory, 3 times or the variable power ratio 
beyond it is obtained. Can make an exit-pupil position fully able to estrange from the image 
surface, and moreover can suppress distortion aberration, and moreover it is small and 
aberration is able to constitute as a few suitable bright wide angle zoom lens for a digital still 
camera etc. There is little lens number of sheets needed especially, and moreover it is small, and 
the zoom lens with which aberration was amended good can be offered. 

[0073] According to the zoom lens of the claim 2 of this invention, the aforementioned 1st group 
optical system goes to an image side from a body side. It has two lenses which come to arrange 
the meniscus-like negative lens which turned the convex to the body side, and the meniscus-like 
positive lens which turned the convex to the body side one by one. And the positive lens to 
which the aforementioned 2nd group optical system turned the refracting interface strong 
against a body side one by one toward the image side from the body side, By composition which 
has four lenses which come to arrange the meniscus-like positive lens which turned the convex 
to the body side, the meniscus-like negative lens which turned the convex to the body side, and 
the meniscus-like positive lens which turned the convex to the image side especially few lens 
number of sheets — a zoom lens — constituting — the [ and ] — the aberration generated by 
the 2nd lens group while arranging the negative lens of the 1 group optical system to a body side 
and making a lens outer diameter small — effective — an amendment — things are made 
[0074] the negative distortion aberration which increases by the short focal distance side 
especially by composition which makes the lens side by the side of the image of the meniscus- 
like negative lens of the two lenses of the aforementioned 1 st group optical system most located 
in a body side the aspheric surface of the configuration to which it is alike, and it follows and 
negative refractive power becomes weak which separates from an optical axis according to the 
zoom lens of the claim 3 of this invention — effective — an amendment — things are made 
According to the zoom lens of the claim 4 of this invention, it can prevent that it becomes 
insufficient especially amending spherical aberration by composition which makes the lens side 
by the side of the body of the positive lens of the four lenses of the aforementioned 2nd group 
optical system most located in a body side the aspheric surface of the configuration to which 
positive refractive power becomes weak as it separates from an optical axis. 



[Translation done.] 
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* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

LThis document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing 1] It is the optical-system plot plan showing typically the arrangement composition of 
the optical system of the zoom lens concerning the gestalt of operation of the 1 st of this 
invention. 

[Drawing 2] It is the aberration view showing the spherical aberration in the wide angle edge of 
the zoom lens of the 1st example concerning the gestalt of the 1st operation shown in drawing 
1 , astigmatism, and distortion aberration. 

[Drawing 3] It is the aberration view showing the 1st spherical aberration in a middle focal 

distance, astigmatism, and distortion aberration of a zoom lens of an example similarly. 

[Drawing 4] It is the aberration view showing the 1st spherical aberration in a tele edge, 

astigmatism, and distortion aberration of a zoom lens of an example similarly. 

[Drawing 5] It is the optical-system plot plan showing typically the arrangement composition of 

the optical system of the zoom lens concerning the gestalt of operation of the 2nd of this 

invention. 

[Drawing 6] It is the aberration view showing the spherical aberration in the wide angle edge of 
the zoom lens of the 2nd example concerning the gestalt of the 2nd operation shown in drawing 
5 , astigmatism, and distortion aberration. 

[Drawing 7] It is the aberration view showing the 2nd spherical aberration in a middle focal 
distance, astigmatism, and distortion aberration of a zoom lens of an example. 
[Drawing 8] It is the aberration view showing the 2nd spherical aberration in a tele edge, 
astigmatism, and distortion aberration of a zoom lens of an example. 

[Drawing 9] It is the optical-system plot plan showing typically the arrangement composition of 
the optical system of the zoom lens concerning the gestalt of operation of the 3rd of this 
invention. 

[Drawing 10] It is the aberration view showing the spherical aberration in a wide angle edge, the 
astigmatism, and distortion aberration of a zoom lens of the 3rd example concerning the gestalt 
of the 3rd operation shown in drawing 9 . 

[Drawing 1 1] It is the aberration view showing the spherical aberration in a middle focal distance, 

the astigmatism, and distortion aberration of a zoom lens of the 3rd example. 

[Drawin g 12] It is the aberration view showing the spherical aberration in a tele edge, the 

astigmatism, and distortion aberration of a zoom lens of the 3rd example. 

[Description of Notations] 

G1, G1\ G1" The 1st lens group 

G2, G2\ G2" The 2nd lens group 

G3, G3\ G3" The 3rd lens group 

1-15 Optical surface of a lens 

16-18 Optical surface of a filter 

S Aperture diaphragm 

F Filter 

L1-L7, L1'-L7\ L1 "-L7" lens 
L8 Low pass filter 
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L9 Infrared light cut-off filter 
d1 -d17 Spacing 



[Translation done.] 
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* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer.So the translation may not reflect the original 
precisely. 

2. **** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



CORRECTION or AMENDMENT 



[Official Gazette Type] Printing of amendment by the convention of 2 of Article 1 7 of patent law. 

[Section partition] The 2nd partition of the 6th section. 
[Date of issue] September 25, Heisei 14 (2002. 9.25) 

[Publication No.] JP,1 1-194274.A. 

[Date of Publication] July 21, Heisei 11 (1999. 7.21) 

[**** format] Open patent official report 11-1943. 

[Filing Number] Japanese Patent Application No. 10-10013. 

[The 7th edition of International Patent Classification] 

G02B 15/20 

13/18 

13/22 

[Fl] 

G02B 15/20 

13/18 

13/22 

[Procedure revision] 

[Filing Date] July 4, Heisei 14 (2002. 7.4) 

[Procedure amendment 1] " ' 

[Document to be Amended] Specification. 

[Item(s) to be Amended] Claim. 

[Method of Amendment] Change. 

[Proposed Amendment] 

[Claim(s)] 

[Claim 1] The 1st group optical system which has negative refractive power one by one toward 
an image side, the 2nd group optical system which has positive refractive power, and the 3rd 
group optical system which has positive refractive power are arranged from a body side. 
While preparing the aperture diaphragm which moves to the 2nd group optical system and one at 
the time of zooming in the body side of the aforementioned 2nd group optical system 
By the aforementioned 1st group optical system's moving an optical-axis top to an image side 
first, and reversing the move direction to a body side on the way on the occasion of zooming 
from a wide angle edge to a tele edge, it moves to an image side at the arc of a convex, and 
change of a focal position is amended, the aforementioned 2nd group optical system moves in 
monotone in an optical-axis top, and variable power is performed. 

The aforementioned 1st group optical system has the negative lens which prepared the aspheric 
surface, and the aforementioned 2nd group optical system has the positive lens which prepared 
the aspheric surface. 
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The aforementioned 2nd group optical system is the positive lens which turned the refracting 
interface strong against a body side one by one toward the image side from the body side, the 
positive lens which turned the refracting interface strong against a body side, the negative lens 
which turned the refracting interface strong against an image side, and a small zoom lens which 
arranges a positive lens and is characterized by the bird clapper. 

[Claim 2] The zoom lens according to claim 1 characterized by constituting the aforementioned 
3rd group optical system from a positive lens of one sheet. 

[Claim 3] The aforementioned 3rd group optical system is a zoom lens according to claim 1 
characterized by moving on the occasion of zooming. 

[Claim 4] It is the zoom lens according to claim 1 characterized by being the configuration to 
which positive refractive power becomes weak as the positive lens which prepared the aspheric 
surface of the aforementioned 2nd group optical system approaches drawing most, and is 
arranged, the lens side by the side of a body is the aspheric surface and the aspheric surface 
separates from an optical axis. 

[Claim 5] While the aforementioned 1st group optical system comes to arrange the meniscus-like 
negative lens which turned the convex to the body side one by one toward the image side, and 
the meniscus-like positive lens which turned the convex to the body side from a body side It is 
the zoom lens according to claim 1 characterized by being the configuration to which negative 
refractive power becomes weak as the lens side by the side of an image of the meniscus-like 
negative lens most located in a body side is the aspheric surface and the aspheric surface 
separates from an optical axis. 

[Claim 6] The aforementioned 2nd group optical system is a zoom lens according to claim 1 
characterized by including four lenses which come to arrange the positive lens which turned the 
refracting interface strong against a body side one by one toward the image side from the body 
side, the meniscus-like positive lens which turned the convex to the body side, the meniscus- 
like negative lens which turned the convex to the body side, and the meniscus-like positive lens 
which turned the convex to the image side. 

[Claim 7] These are condition; when setting the synthetic focal distance of the whole system 
[ in / fM and a wide angle edge / for the focal distance of the Mth group optical system (M=1- 
3) ] to fW. 

(1 ) 2.62<|f 1 |/FW<2.72 (f 1 <0) 

(2) f3/fW<3.4. 

(3) 0.57<f2/f3<0.65 (f2>0,f3>0) 

The zoom lens according to claim 1 characterized by carrying out ** satisfactory. 

[Procedure amendment 2] 

[Document to be Amended] Specification. 

[Item(s) to be Amended] 0009. 

[Method of Amendment] Change. 

[Proposed Amendment] 

[0009] this invention was made in view of the situation mentioned above, can obtain 3 times or 
the variable power ratio beyond it, can make an exit-pupil position fully able to estrange from the 
image surface, moreover can suppress distortion aberration, moreover is small and aims at 
offering the zoom lens which can be constituted as a suitable bright wide angle zoom lens for the 
digital still camera which can be manufactured by aberration by the low cost few. Especially the 
purpose of the claim 1 of this invention has little lens number of sheets to need, and moreover is 
small, and aberration is to offer the zoom lens amended good. The purpose of the claim 2 of this 
invention is small by few lens number of sheets, and aberration is to offer the zoom lens 
amended good. 
[Procedure amendment 3] 
[Document to be Amended] Specification. 
[Item(s) to be Amended] 0010. 
[Method of Amendment] Change. 
[Proposed Amendment] 

[0010] Especially the purpose of the claim 3 of this invention is small, and is to offer the zoom 
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lens which may make high variable power realize. The purpose of the claim 4 of this invention is 
to offer the zoom lens which can prevent that it becomes insufficient especially amending 
spherical aberration. The purpose of the claim 5 of this invention is to offer the zoom lens which 
can amend effectively the negative distortion aberration which increases by the short focal 
distance side. Especially, the purpose of the claim 6 of this invention is few lens number of 
sheets, and it is to offer the zoom lens which can amend effectively the aberration generated by 
the 2nd lens group while it makes a lens outer diameter small. While being able to obtain three 
sheets or the variable power ratio beyond it and being able to make an exit-pupil position fully 
estrange from the image surface, it is few lens number of sheets, and the purpose of the claim 7 
of this invention can suppress distortion aberration, it is small and aberration is to offer the few 
suitable bright wide angle zoom lens for a digital still camera etc. 
[Procedure amendment 4] 
[Document to be Amended] Specification. 
[Item(s) to be Amended] 001 1 . 
[Method of Amendment] Change. 
[Proposed Amendment] 
[0011] 

[Means for Solving the Problem] The zoom lens concerning this invention indicated to the claim 
1 In order to attain the purpose mentioned above, it goes to an image side from a body side, one 
by one While preparing the aperture diaphragm which arranges the 1 st group optical system 
which has negative refractive power, the 2nd group optical system which has positive refractive 
power, and the 3rd group optical system which has positive refractive power, and moves to the 
body side of the aforementioned 2nd group optical system at the 2nd group optical system and 
one at the time of zooming Zooming from a wide angle edge to a tele edge is faced, the 
aforementioned 1 st group optical system By moving an optical-axis top to an image side first, 
and reversing the move direction to a body side on the way, it moves to an image side at the arc 
of a convex, and change of a focal position is amended, the aforementioned 2nd group optical 
system It moves in monotone in an optical-axis top, variable power is performed, the 
aforementioned 1 st group optical system has the negative lens which prepared the aspheric 
surface, and the aforementioned 2nd group optical system has the positive lens which prepared 
the aspheric surface, the aforementioned 2nd group optical system The positive lens which 
turned the refracting interface strong against a body side one by one toward the image side from 
the body side, the positive lens which turned the refracting interface strong against a body side, 
the negative lens which turned the refracting interface strong against an image side, and a 
positive lens are arranged, and it is characterized by the bird clapper. The zoom lens concerning 
this invention indicated to the claim 2 is characterized by constituting the 3rd group optical 
system from a positive lens of one sheet. 
[Procedure amendment 5] 
[Document to be Amended] Specification. 
[Item(s) to be Amended] 0012. 
[Method of Amendment] Change. 
[Proposed Amendment] 

[0012] The zoom lens concerning this invention indicated to the claim 3 is characterized by the 
3rd group optical system moving on the occasion of zooming. The positive lens in which the 
zoom lens concerning this invention indicated to the claim 4 prepared the aspheric surface of 
the 2nd group optical system approaches drawing most, and is arranged, the lens side by the 
side of a body is the aspheric surface, and the aspheric surface is characterized by being the 
configuration to which positive refractive power becomes weak as it separates from an optical 
axis. The zoom lens concerning this invention indicated to the claim 5 While the 1st group optical 
system comes to arrange the meniscus-like negative lens which turned the convex to the body 
side one by one toward the image side, and the meniscus-like positive lens which turned the 
convex to the body side from a body side The lens side by the side of an image of the meniscus- 
like negative lens most located in a body side is the aspheric surface, and the aspheric surface is 
characterized by being the configuration to which negative refractive power becomes weak as it 
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separates from an optical axis. 
[Procedure amendment 6] 
[Document to be Amended] Specification. 
[Item(s) to be Amended] 0013. 
[Method of Amendment] Change. 
[Proposed Amendment] 

[0013] The zoom lens concerning this invention indicated to the claim 6 is characterized by the 
2nd group optical system containing four ienses which come to arrange the positive lens which 
turned the refracting interface strong against a body side one by one toward the image side from 
the body side, the meniscus-like positive lens which turned the convex to the body side, the 
meniscus-like negative lens which turned the convex to the body side, and the meniscus-like 
positive lens which turned the convex to the image side. For the zoom lens concerning this 
invention indicated to the claim 7, these are condition; when setting the synthetic focal distance 
of the whole system [ in / fM and a wide angle edge / for the focal distance of the Mth group 
optical system (M=1-3) ] to fW. 

(1) 2.62<|fl|/FW<2.72 (fKO) 

(2) f3/fW<3.4. 

(3) 0.57<f2/f3<0.65 (f2>0,f3>0) 

It is characterized by carrying out ** satisfactory. 

[Procedure amendment 7] 

[Document to be Amended] Specification. 

[Item(s) to be Amended] 0014. 

[Method of Amendment] Change. 

[Proposed Amendment] 

[0014] 

[Function] That is, the zoom lens concerning this invention goes to an image side from a body 
side. The 3rd group optical system which has the 1st group optical system which has negative 
refractive power, the 2nd group optical system which has positive refractive power, and positive 
refractive power one by one is arranged. While preparing the aperture diaphragm which moves to 
this 2nd group optical system and one at the time of zooming in the body side of the 
aforementioned 2nd group optical system, zooming from a wide angle edge to a tele edge is 
faced, the aforementioned 1 st group optical system By moving an optical-axis top to an image 
side first, and reversing the move direction to a body side on the way, it moves to an image side 
at the arc of a convex, and change of a focal position is amended, the aforementioned 2nd group 
optical system It considers as the composition which moves to the arc of a convex and performs 
variable power to a body side by the aforementioned 3rd group optical system's carrying out 
body side HE movement of the optical-axis top first, and reversing the move direction to an 
image side on the way by moving an optical-axis top to a body side in monotone, and performing 
variable power. 
[Procedure amendment 8] 
[Document to be Amended] Specification. 
[Item(s) to be Amended] 001 7. 
[Method of Amendment] Change. 
[Proposed Amendment] 

[0017] moreover, the negative lens of the shape of a meniscus by which, as for the zoom lens 
concerning this invention, the aforementioned 1 st group optical system turned the convex to the 
body side one by one toward the image side from the body side — and . It has two lenses which 
come to arrange the meniscus-like positive lens which turned the convex to the body side. And 
the positive lens to which the aforementioned 2nd group optical system turned the refracting 
interface strong against a body side one by one toward the image side from the body side, It has 
four lenses which come to arrange the meniscus-like positive lens which turned the convex to 
the body side, the meniscus-like negative lens which turned the convex to the body side, and 
the meniscus-like positive lens which turned the convex to the body side. While constituting a 
zoom lens from few lens number of sheets and making a lens outer diameter small especially by 
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such composition, the aberration generated by the 2nd lens group-is amended effectively. 

[Procedure amendment 9] 

[Document to be Amended] Specification. 

[Item(s) to be Amended] 0018. 

[Method of Amendment] Change. 

[Proposed Amendment] 

[0018] Moreover, the zoom lens concerning this invention makes the lens side by the side of the 
image of the meniscus-like negative lens of the two lenses of the aforementioned 1st group 
optical system most located in a body side the aspheric surface of the configuration to which 
negative refractive power becomes weak as it separates from an optical axis. By such 
composition, the negative distortion aberration which increases by the short focal distance side 
especially is amended effectively. Moreover, the zoom lens concerning this invention makes the 
lens side by the side of the body of the positive lens of the four lenses of the aforementioned 
2nd group optical system most located in a body side the aspheric surface of the configuration 
to which positive refractive power becomes weak as it separates from an optical axis. By such 
composition, it prevents that it becomes insufficient especially amending spherical aberration. 
[Procedure amendment 10] 
[Document to be Amended] Specification. 
[Item(s) to be Amended] 0022. 
[Method of Amendment] Change. 
[Proposed Amendment] 

[0022] As shown in drawing 1 on the occasion of zooming of tele edge HE from a wide angle 
edge, the 1st lens group G1 carries out image side HE movement of the optical-axis top first, 
reverses the move direction from the middle, and moves to a body side. The 1st lens group- G1 
amends the change of a focal position for [ edge / wide angle ] zooming of tele edge HE by 
drawing arc-shaped tracing of a convex and moving to an image side in this way. The 2nd lens 
group G2 moves an optical-axis top to a body side in monotone on the occasion of zooming of 
tele edge HE from a wide angle edge. 3rd lens group G3 carries out body side HE movement of 
the optical-axis top first on the occasion of zooming of tele edge HE from a wide angle edge, 
reverses the move direction from the middle, and moves to an image side. 
[Procedure amendment 11] 
[Document to be Amended] Specification. 
[Item(s) to be Amended] 0023. 
[Method of Amendment] Change. 
[Proposed Amendment] 

[0023] In this way, 3rd lens group G3 draws the arc-shaped locus of a convex, and moves to a 
body side. It reaches 2nd lens group G2 and zooming of tele edge HE is performed from a wide 
angle edge by these variable power operation by movement of 3rd lens group G3. Thus, by 
making the arc of a convex carry out both-way movement of 3rd lens group G3 at a body side, 
assistance of variable power is made to bear, making the power burden of the 2nd lens group G2 
mitigate, and movement magnitude of the 2nd lens group G2 is lessened, and it is small and 
makes it possible to make high variable power realize. 
[Procedure amendment 1 2] 
[Document to be Amended] Specification. 
[Item(s) to be Amended] 0045. 
[Method of Amendment] Change. 
[Proposed Amendment] 

[0045] In addition, in drawing 5, although the sign of each spacing is omitted, it is the same as 
the sign given to drawing 1. 1st lens group G1 f which consists of lens LV and L2' has negative 
refractive power. 2nd lens group G2' which consists of lens L3-L6' has positive refractive power. 
3rd lens group G3' which consists of lens L7' has positive refractive power. 1st lens group G1' 
carries out image side HE movement of the optical-axis top first on the occasion of zooming of 
tele edge HE from a wide angle edge, reverses the move direction from the middle, and moves to 
a body side. 1st lens group GV amends the change of a focal position for [ edge / wide angle ] 
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zooming of tele edge HE by drawing the arc-shaped locus of a convex and moving to an image 

side in this way. 

[Procedure amendment 1 3] 

[Document to be Amended] Specification. 

[Item(s) to be Amended] 0046. 

[Method of Amendment] Change. 

[Proposed Amendment] 

[0046] 2nd lens group G2' moves an optical-axis top to a body side in monotone on the occasion 
of zooming of tele edge HE from a wide angle edge. 3rd lens group G3' carries out body side HE 
movement of the optical-axis top first on the occasion of zooming of tele edge HE from a wide 
angle edge, reverses the move direction from the middle, and moves to an image side. In this 
way, 3rd lens group G3' draws the arc-shaped locus of a convex, and moves to a body side. It 
lens [ 2nd ] group G2' Reaches, and zooming of tele edge HE is performed from a wide angle 
edge by these variable power operation by movement of 3rd lens group G3'. Thus, by making the 
arc of a convex carry out both-way movement of 3rd lens group G3' at a body side, assistance, 
of variable power is made to bear, making the power burden of 2nd lens group G2' mitigate, and 
movement magnitude of 2nd lens group G2' is lessened, and it is small and makes it possible to 
make high variable power realize. 
[Procedure amendment 1 4] 
[Document to be Amended] Specification. 
[Item(s) to be Amended] 0059. 
[Method of Amendment] Change. 
[Proposed Amendment] 

[0059] the 1st — lens group G1" — zooming of a wide angle edge to tele edge HE — facing — 
an optical-axis top — first — image side HE movement — carrying out — on the way — the 
shell move direction is reversed and it moves to a body side the 1 st — the change of a focal 
position for [ edge / wide angle ] zooming of tele edge HE by drawing the arc-shaped locus of a 
convex on an jmage side in this way lens group G1", and moving — an amendment the 2nd — 
lens group G2" an optical-axis top is moved to a body side in monotone on the occasion of 
zooming of tele edge HE from a wide angle edge 3rd lens group G3" carries out body side HE 
movement of the optical-axis top first on the occasion of zooming of tele edge HE from a wide 
angle edge, reverses the move direction from the middle, and moves to an image side. In this 
way, 3rd lens group G3" draws the arc-shaped locus of a convex, and moves to a body side, 
these [ 2nd ] — the [ lens group G2" and ] — zooming of tele edge HE is performed from a wide 
angle edge by variable power operation by movement of 3 lens groups G3" 
[Procedure amendment 1 5] 
[Document to be Amended] Specification. 
[Item(s) to be Amended] 0060. 
[Method of Amendment] Change. 
[Proposed Amendment] 

[0060] thus, the thing made for the arc of a convex to carry out both-way movement of 3rd lens 
group G3^ at a body side — the 2nd — assistance of variable power is borne, making a lens 
group G2" power burden mitigate — making — the 2nd — lens group G2" movement magnitude 
is lessened, and it is small and makes it possible to make high variable power realize the 2nd — 
aperture-diaphragm S located in a lens group G2" body side — the 2nd — it moves to lens 
group G2" and one therefore, aperture-diaphragm S — the 2nd — movement of lens group G2" 
is not barred the above 1st - the 3rd lens group G1 "-G3" — the case of the form of the 1st 
and the 2nd operation — the same — the focal distance of the Mth lens group (M=1-3) — fM ** 
synthetic focal distance fW of the whole system [ in / a wide angle edge / it carries out and ] 
** when carrying out, it is constituted so that condition (1) - (3) mentioned above may be 
satisfied 

[Procedure amendment 1 6] 

[Document to be Amended] Specification. 

[Item(s) to be Amended] 0072. 
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[Method of Amendment] Change. 
[Proposed Amendment] 
[0072] 

[Effect of the Invention] While preparing the aperture diaphragm which arranges the 1st group 
[ which was described above ] optical system which has negative refractive power one by one 
toward the image side from a body side like according to the claim 1 of this invention, the 2nd 
group optical system which has positive refractive power, and the 3rd group optical system 
which has positive refractive power, and moves to the body side of the aforementioned 2nd 
group optical system at this 2nd group optical system and one at the time of zooming. Zooming 
from a wide angle edge to a tele edge is faced, the aforementioned 1st group optical system By 
moving an optical-axis top to an image side first, and reversing the move direction to a body side 
on the way, it moves to an image side at the arc of a convex, and change of a focal position is 
amended, the aforementioned 2nd group optical system It moves in monotone in an optical-axis 
top, variable power is performed, the aforementioned 1 st group optical system has the negative 
lens which prepared the aspheric surface, and the aforementioned 2nd group optical system has 
the positive lens which prepared the aspheric surface, the aforementioned 2nd group optical 
system Since it is the composition which comes to arrange the positive lens which turned the 
refracting interface strong against a body side one by one toward the image side from the body 
side, the positive lens which turned the refracting interface strong against a body side, the 
negative lens which turned the refracting interface strong against an image side, and a positive 
lens While constituting a zoom lens from few lens number of sheets and miniaturizing especially 
the aberration generated by the 2nd lens group — effective — an amendment — things are 
made, and when the 1 st group optical system draws the arc-shaped locus of a convex and 
moves to an image side, the zoom lens which can amend focal movement for zooming from a 
wide angle edge to infinite distance can be offered moreover — since the 3rd group optical 
system was constituted from a positive lens of one sheet according to the zoom lens of the 
claim 2 of this invention, while it is few lens number of sheets — small — and aberration — 
good — an amendment — things are made 
[Procedure amendment 1 7] 
[Document to be Amended] Specification. 
[Item(s) to be Amended] 0073. 
[Method of Amendment] Change. 
[Proposed Amendment] 

[0073] Making the power burden of the 2nd group optical system mitigate, since according to the 
zoom lens of the claim 3 of this invention the 3rd group optical system was constituted so that it 
might move on the occasion of zooming, assistance of variable power is made to bear, it can be 
small few in the movement magnitude of the 2nd group optical system, and high variable power 
can be made to realize. Moreover, since according to the zoom lens of the claim 4 of this 
invention the positive lens which prepared the aspheric surface of the aforementioned 2nd group 
optical system approached drawing most, and was arranged, the lens side by the side of a body 
was the aspheric surface, and the aspheric surface considered as the configuration to which 
positive refractive power becomes weak as it separated from the optical axis, it can prevent that 
it becomes insufficient especially amending spherical aberration. 
[Procedure amendment 18] 
[Document to be Amended] Specification. 
[Item(s) to be Amended] 0074. 
[Method of Amendment] Change. 
[Proposed Amendment] 

[0074] While the aforementioned 1st group optical system comes to arrange the meniscus-like 
negative lens which turned the convex to the body side one by one toward the image side from 
the body side, and the meniscus-like positive lens which turned the convex to the body side 
according to the zoom lens of the claim 5 of this invention, the lens side by the side of an image 
of the meniscus-like negative lens most located in a body side is the aspheric surface, the 
negative distortion aberration which increases by the short focal distance side especially since 
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the aspheric surface considered as the configuration which separates from an optical axis, and 
to which it is alike, and it follows and negative refractive power becomes weak — effective — an 
amendment — things are made According to the zoom lens of the claim 6 of this invention, it is 
the aforementioned 2nd group optical system. The positive lens which turned the refracting 
interface strong against a body side one by one toward the image side from the body side, Since 
it considered as the composition containing four lenses which come to arrange the meniscus-like 
positive lens which turned the convex to the body side, the meniscus-like negative lens which 
turned the convex to the body side, and the meniscus-like positive lens which turned the convex 
to the image side the aberration which constitutes a zoom lens from few lens number of sheets, 
and is especially generated with the 2nd group optical system — efficient — an amendment — 
things are made moreover, the synthetic focal distance of the whole system [ according to the 
zoom lens of the claim 7 of this invention / in / fM and a wide angle edge / for the focal 
distance of the Mth group optical system (M=l-3) ] — fW ** — the time of carrying out — 
these — condition: 

(1) 2.62<|f1 |/fW<2.72 (f1 <0) 

(2) f3/fW <3.4. 

<U>(3)0.57<f2 /f3 <0.65 (f2 >0,f3 >0) 

Movement magnitude of the 2nd group is lessened, it can be small and high variable power can 
be made to be able to make assistance of variable power able to bear, making the power burden 
of the 2nd group optical system mitigate by carrying out both-way movement of the 3rd group 
optical system, since it constituted so that it might carry out ** satisfactory, and to realize. By 
making the range of the focal distance of the 1st group optical system into the range of 
conditions (1) especially, a zoom lens is miniaturized and aberration is lessened. Moreover, by 
making positive refractive power of the 3rd group optical system into the range of conditions (2), 
an exit-pupil position is made to estrange from the image surface, and tele cent rucksack nature 
is given, in spite of being few lens number of sheets furthermore by making distribution of the 
positive refractive power of the 2nd group optical system and the 3rd group optical system into 
the range of conditions (3) — small — aberration — good — an amendment — things are made 
Therefore, while being able to obtain 3 times or the variable power ratio beyond it and being able 
to make an exit-pupil position fully estrange from the image surface by few lens number of 
sheets, distortion aberration can be suppressed, it is small and aberration is able to constitute as 
a few suitable bright wide angle zoom lens for a digital still camera etc. 



[Translation done.] 
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yXL3^)ft#l(Dl/>X®6^ LTV>5 0 

Srr, RftSftSrK,' JS*©##»fli»8:A, B, 
t/CiLT, P:lT*&^^$ix5tt^^7tttcoiHj^(cipl 

[0 0 3 7] 
[ftl] 



Z = 



1 W 1 - (1 +K) (Y/r) 2 

9, 



AY 4 +BY 6 +CY 8 



[0 0 3 8] LfctfSo-C, *l*c*3ft5^2^ffi2. 



t 



(7) mmW-1 1-194274 



fK 2 uvXf£G 2 <0*<bttttraiwEa$n£4M*fl!(::& 
tt, *2(Cl^i-*tt±Oft^##r . Rt^lK, ft J: 



[0 0 3 9] 
[«2] 





K 


A 


B 


C 


r 2 


-0. 48910 


-1. 17784E-4 


4. 42787E-6 


-2. 03L62E-7 


r 6 


-2. 30557 


-5. 51748E-5 


-2.74870E-6 


-8. 10602E-8 



[0 0 4 0] ^ltc&VMT, SPARS di & TpJ^j 

15^ (B5##0) ft^® 5, 14l8±l5l6t 

5. 6 OmmOJCCAJB, ^SEffi f #9. 7 0 mm<0 »*» ISMK 

f 5. 6 0 

d 4 1 6. 1 8 

d 23 2.26 

d 15 1. 0 0 



[0 0 4 2] r<£>4§£*<£>, ^KiBft^uyxM, 

0. 0 6mm-efe^5 0 |H4(C ^ <£>3? 1 (D^MWC 

iRHEIfci^T, SA(«ffiiRi, SCttlEa*^ A 
s t tt#^SiRSI, LTD i s t teHftiR^Sr^bTV^ 

[0 0 4 3] 

5o 15^) (a) 12, RX- AU-yX&rX— S l/*f<Dfc 
(b) tt, RX-Ai/yX$rX- S >^a3WK:RS 

2»*$fe5RT?*>*JB2 u>-X#G2' »J:tf||5 3»*¥ 

3 l/vX»G 3' *SE«S*tTV^ 0 
[00 44] iluyXiGl' tt % 2ft(DuyXL 
1' *5±tfL2' T*/*£*L, I2l/>X»G2 / 
4ftcOU>XL3 / , L4' , L5' ^J:(/L6 / T« 
tlt^Si/yX^GS' ttlft<Ol/yXL 



AEA IbtLXMlkMgSmi fr\ 6. 8 Omm(OM3S^Jcio 
v^r. *3te*S*t5J:5fcaE-fb"t-5o 

[0 0 4 1] 

[*3] 



9. 7 0 16.80 

6.5 1 1.6 0 

6. 9 5 16.64 

I. 3 3 0. 7 1 



7' T*«/&£*LTV^ 0 I2WyX«G2' £>4ti#fl!U 

So 

[0 0 4 5] H5fc*VNTtt, #BfflWHIO«F#Sr4r 

LI' *5j;tfL2' ^&45iluyX»Gl' A 

UVXL3' ~L6' ^5>^5I2 
UVX1G2' tt, JE<Dm$fjj £W-t-£o U>XL7' 
*»<&£5*3 wyX»G 3 7 H\ I©fl}fA ^^i"5o 
Ili/yXSGl' JEA**»&aa»*^*>X— 5 > 

*HSSrKKLr»«lfc»»t8. iluyXSGl' 

[0 0 4 6] fg2UVX^G2' H\ i£A«a>&a38«! 
■f-So S3uyXHG3 / tt, ffi***»&aaM^©X 

G3' tt, *<*«tCia^iaM«^W»SriS 
VNT»»rr5. r*i?>*2 u>>X#G2' *3i^*3u 
yX»G3' ©»»fc±**«»ffli:J:9, ISA*** 6 



(8) 



1-19 4 2 



rtJcit), Jg2 uvXf¥G2' *v*i7— £fe&e«<* 

[0 0 4 7]l2l/yXHG2 / 04^«lCffiB?-5BI 

^Sfrlf 6*1,5 r *tt*V\, J:lB#l<-»3 U>X»G 
Mu>Xm (M=l-3) <DfkjtUEM*i* tU jStfl 
fc*«= (1) - (3) S:»JEi-«J:5fc*j«Sti,TVN 
[0 0 4 8IH5t«tJ:5^ II i/^SGl' 

^L2' *k rti^2toi/yXLl / ^oJ: 

t>*L2' 4&flc«iJ^6«S{ffl^i6j^oT. ill*, L 
1' -L2' cd]!(IT«SLTV^^ 0 »2^X» 
G2' tt, *ff{H^V^JIfffi*^iftfciEU^>CL 



5' , i3±V«fl!ltCiaffi*ia»fc^=^*^tt<z>JEU^ 
XL 6' :ti^4ft(OUyXL3' -L 

6' Sr*#fld^fe4ft«»c:ift^oT, MSJfc, L3' -L 
4 7 -L5' -L6' ^>|lST*iEfiLTV>5 0 
[0049] BluyXSGl' ^*1>4Mfr«telEit£ 

«<Z>*«ffi^?gj*bTV>5 0 I2I/>X1G2 / 0*t 
4&#{WfcffiB£*L5jEU>'XL 3' fct, %}fcM<DU>X 

[0 0 5 0] 

9* ^6te. ^^(0^*00^— ^T*£>5 0 r COX 
-Al/VXtt, £X0*kjMBBf = 5. 6-16. 8m 
nu F-^^F/No. = 2. 8-5. 1. o> = 3 2 . 

2-11. 8deg , *5±tffci«Y' -3. 4 7T&5 0 

[0 0 5 1] 



• 

1 




d i 


j 






1 


2 5. 4 6 6 


0.8 0 


1 


1. 8 0 6 1 0 


4 0.70 


2 


5. 000 


1.9 5 








3 


8. 17 7 


1.9 3 


2 


1. 8 4 6 6 6 


2 3.80 


4 


15. 9 2 4 


c*m 








5 


GKD) 


0. 50 








6 


16. 16 8 


1. 3 9 


3 


1- 7 4 3 3 0 


4 9.30 


7 


- 2 5. 5 8 9 


0. 1 0 








8 


4. 7 6 1 


1. 3 2 


4 


1. 6 7 7 9 0 


5 5. 5 0 


9 


9. 4 6 2 


0. 43 








1 0 


12. 4 6 2 


0. 8 0 


5 


1. 8 4 6 6 6 


2 3.80 


1 1 


4.005 


1.0 4 








1 2 


- 1 6. 6 8 1 


1.0 5 


6 


1. 4 8 7 4 9 


7 0. 40 


1 3 


-8. 3 9 5 










1 4 


14. 4 5 8 


1. 9 1 


7 


1. 4 8 7 4 9 


7 0.40 


1 5 


- 2 3. 6 9 0 










1 6 


0. 0 0 0 


2. 00 


8 


1. 5 16 8 0 


6 4.20 


1 7 


0. 0 0 0 


1. 1 0 


9 


1. 5 4 0 7 2 


4 7.20 


1 8 


0. 0 0 0 











[0 0 5 2] ^4(C*5ft5m2Jfe^ffi2, o| rjjgi U 



» 



(9) 1-194274 
[0 0 5 3] [*5] 





K 


A 


B 


C 




-0. 51816 


-4. 55330E-5 


5. 23933E-6 


-1. 75866E-7 


r 6 


-2. 59597 


-5.94777E-5 


-3. 79326E-6 


-6. 68516E-8 



[0 0 5 4] aufcjBVvt", SMHIdi £ TpJ^J iL 
15 0,^(0 (ffi#f») 3fc¥ffi5, 14*5it>*16i: 



f 


5.6 0 


9. 70 


16.81 


d 4 


15.65 


6.2 3 


1. 6 0 


d 13 


2.0 2 


6. 3 9 


1 6. 0 7 


d 15 


1 . 0 0 


1. 5 0 


1.0 1 



[0 0 5 5] 
[*6] 



[0 0 5 6] rwif-g-CD, j£^S8{C*3tt5 I'VXM. 
■f *fc*>3t^*ro* 1 1 * s ^^ffi^T-WSgSttt, 

3 8. 0 6mm-C&5„ HI6~|2I8 CI, r CO^ 2 <75HM^J 
(d*3{t5JRHI2IS:^i- 0 H 6 f4j!£;<%S$, HUtt^m^ 
SiBt, ^UTlH8ttM3si^i-*5(1--5iRSI2!T'&5 0 HI 6 
~HI 8 114*^4*, X-A«(c*3(t5/£^s^. "flBJ^K 

[0 0 5 7] 

i&m<Dm3<z>m&<oMmi ni9f4, *»^<oa5 3<oii 

5„ HI 9 (a) (4, iX-i.l/yX^X-jy/OE 
(b) 14, KX- S v^<Ogj^«g{c^ 

of, JWiSk, Il»3fcfST-*Sf luyXSGl' , 

[0 0 5 8] f 11/VXpGl' It 2tit©l/yXL 
1" *3it>*L 2" X-mi&Zfr. I2l/yXlG2'tt > 
4ft©l/yXL3" , L4\ L 5" fcitfL 6" X'M 
rfLZtl. tttf 3 U^XSfG3" ttltfccDU^XL 

t4b*.*lwX»Gl' fcroiBfcH:, HPiR9S*s 
EB£*iT^5 0 I3UVXSG3' ©£e>fcHfc«te 
f4, tlicrac, _hiB t IrI^cO a — y 4 L 8 

l'-«.L7' lil/VXf*!), Jfe#^L 8*5iO*L 9 
teft^^A-^T'&S, 1/yXL.l' *540'L2" 

*5*iu>xwgi* «\ ^.(ommts^m^-^o 

XL3'~L7"^t,45f2UyXiG2' li, IEC9 



JBSr^^fS. U>XL7' «»?)i5I3VyXifG 
3' (4, Ero®Sf*Sr*-r5„ 

[0 0 5 9] f&l UVXpG 1 " (4, /r^ffi^^MjSffi 
--oX-?y^;BLt, 3fett±**-f^J—#«)b, 
^*i6»e)»»*K>lS:S<EUT«»fltffl8fc»Wli-5. Ill' 

U>^m02" 14, JS^S^^MSffi^ (OX-5 ^^{d 
Bit, Jt*ft_h?r^#:«iJ{d¥3S»-#I!)i-5. i3yyX 
SG3' 14, /£^ffi^IffiS^OX-S y^KL 

StebT^{|i|iC^t!)i-5„ !3 1/yX»G3' (4, icO 

r*i,e>&2 UVXPG2" ioit/^3 yyXSG3' <© 
[0 0 6 0] roipi^ 13 uyx»G3' ft, 

X»G2' <0^!7-*fift««$-&**$e>3E«F«0***' 
Sfe*T, I2uyXSG2' ©»»*«r^*< LT, 

*2l/yX»G2' Oft#«Kttit58l!P«9SH:, 

PS!) sti 9 SI 2 yyX^G2' <o»Wi&mfhti& 
rif4#v\ ±!E^l~S3l/yX^Gl' ~G3" 
tt, ^l*3±O?^2fi0mt^«g<O##tm#fC, SUM 

wyXi (m=i~3) ©jfcj6eK«rf« iu JS^iS 

(1) ~ (3) Zffi&i-Z£ Hzffif&ZtlT^Z* 
[0 0 6 1] m9{c*kir£. 5(c, mi yyXiG 1 * 
J4, ^{giJfcflffiftl^Ctfc^^^XT^^OAL'^XL 
1" , *3±Z>*4&<*:ffilJf-i!l®ft(plWfc^=^X7^^©EU 



I 



(10) 



¥rmW- 11-19 4 2 



*#«fc:SiV^«*fiif*rtI*tfcEU^XL 
3" , *#«^dbffi^Ifiirffc^=^*^«t©jEUVXL 

6" *^frffliJ^^^{l!|^fp]^oT, flgjfc, L3" — L 
4" -L5 ff -L6* (DJIETBBffLTV^. 
[0 0 6 2] mi lo^XmG 1 " <Dftfcfc#«fcE«$ 

2*. **d^Btix5fc:?¥oT«(OJajf^dsa<*5?g 



*^fl0lcE«$^5jEix>XL 3* ft, M^i/yX 
[0 0 6 3] 

[3?3<£>Jf|ig0iJ] fttc, _h^Lfcm3^^0^S^« 
3 cO^ife^iJOX— A U ^X(D*#:^7^^— ^ £^ 7 

VXft, ±*OJIR^g6(i f = 5 . 6 — 16. 8mm, F -f~ 
>v<F/No. = 2. 8 - 5 . 0 , w = 32. 2-1 

1. 7deg . *3«fct>lfeffiY' =3. 4 7T^5 0 

[0 0 6 4] 

W7] 



* 

1 

£ 




a i 


j 


n i 




1 


2 1. 7 9 2 


0.8 0 


1 


1 7 4 3 3 0 




2 


5. 0 0 0 


2. 7 1 








3 


8. 1 9 7 


1.6 4 


2 


1. 8 4 6 6 6 


2 3.80 


4 


12. 10 2 










5 




0. 5 0 








6 


14. 117 


1- 39 


3 


1. 6 9 3 5 0 


5 3.20 


7 


-4 1. 9 7 0 


0. 1 0 








8 


5. 1 0 5 


1. 3 1 


4 


1 . 6 9 6 8 0 


5 5.50 


9 


10. 2 3 2 


0. 3 4 








1 0 


10. 9 7 6 


0.9 3 


5 


1. 8 4 6 6 6 


2 3.80 


1 1 


4. 12 2 


1. 0 1 








1 2 


-3 1. 0 5 3 


1. 0 8 


6 


1. 4 8 7 4 9 


7 0.40 


1 3 


-9. 9 9 0 










1 4 


15. 6 11 


1.74 


7 


1. 4 8 7 4 9 


7 0.40 


1 5 


- 2 8. 8 9 8 










1 6 


0. 000 


2. 00 


8 


1. 5 16 8 0 


6 4.20 


1 7 


0. 0 00 


1. 1 0 


9 


1. 5 4 0 7 2 


4 7.20 


1 8 


0. 000 











[0 0 6 5] ^7fC^o(t5^2 7t^®2, oi \, 

Au>-XL1" l^Xffi 2, fci^7(C*5^ 

58S6;)fc^E6, o£ «9^2 U>-Xf¥G2* (Dftfctttt 
flOfcEBSi-tSIEU^XL 3* O^fiijco u yXffi 6 



[0 0 6 6] 
[S8] 





K 


A 


B 


C 


r 2 


-0. 45712 


-7. 34889E-5 


4. 72867E-6 


-1. 92517E-7 


r 6 


-2. 08733 


-4. 40893E-5 


-3. 65895E-6 


-7. 36708E-8 



[0 0 6 71 ^71;^ SRSJfiSdj £ TpJ^j a 
1 5<D, (ffi#-5§-<D) *f®5, 1 4*3ic>'l 6 t 



(11) 



mmw- 11-1942 



-kSfcfcfti-*. [^9] 
[0 0 6 8] 



f 


5. 6 0 


9.7 0 


16.80 


d 4 


15.65 


6. 3 0 


1. 6 0 


d 13 


2.4 0 


6.7 9 


16.45 


<*15 


1. 0 0 


1.5 0 


1.0 2 



[0 0 6 9] rco^-g-tt, Zfimzidtt Z L-V-X^fi, 
9. 0 8mmX'$>Z>„ H 1 0 ~H1 1 2 \Z r <DM 3 <D||J£F'J 

iziotfzi&mmzTF-p. mi ottm^. mi itt^p«sj 

5. II 0 ~m 1 2 d J: X— A^tcioitS/A^ 



* i f ! i /i „ , f 3 /f„ f 2 /f 3 , *s£?m 

ia5Hs:l. 0 fw*3»t5/£A«8T?<O^SJRilD, (1.0) 

1 0 (c*i- 0 
[0 0 7 0] 

mi o] 



If! l/f ff t 3 /i, *2^ f 3 D W (1 - 0) 

?&l<Z>mmW 2. 7 2 3 3. 7 0 0. 6 0 4 - 1. 8 096 

2. 744 3. 45 0. 649 -1. 5 8% 

S3©HS£fl! 2. 6 2 6 1 3. 7 6 0. 5 7 8 - 1.6 5% 



[0071] ±i&(D x 5 (c. *mw<vm i ~^ 3 

tt, £<bt£, M*iR^^2%«T{-ffl]x.7t^>-Xttmw 
'>^/-AuyXtf5; i:* 5 t?#5. ;o± 5&X 

[0 0 7 2] 

*#-*-5ISl*M63M5» IEcOffi^Sr*^-5^2P3t^ 
^*3±C>*jE(Offi^Sr#-t-5»3©3t^*gB^:b, ffi 
f5^2fflP3t^O^#:ffl!|{^ X-5^l$fcSSS2SM6 

^ (M=l~3) OttAEMf: f a . JE^iSifc&ft 
S0*jft*k£EJt*f. tt5t#, : 

(1) 2. 6 2< I f , I /f , <2. 7 2 (f i < 
0) 

(2) f 3 /f , < 3. 4 

(3) 0. 57<f 2 /fj <0. 65 (f 2 >0, 
f s >0) 



km^^^^Mje $ nfcx— ^ u >-x&t§#rf s r t a* 

[0 0 7 3] #$§9?<£>ft#3®2tf>X— AUVXJCitV 

JHJfc, ^ffiiJtCiaffiSripjJtfc^^X^^^oAu-^X, 
^ LTfe#liJ(-£bffi£rfrttfc^ = IE U>-X£ 

IE U- yXiEitt45 4 u >XSr^r-J-5«fia»c i 

lol 1 5 v vX«:*W*:«fcE« Lt 

u^X^S^/h^ <"T5 t ifcK, I2i/yX|fT?M 

[0 0 7 4] *Hi©St*a3»X-Ai/yXl;j;h 
HT, BtraEIB 1 2 OOUVX© 5 



(12) 



#§SPpl 1- 1 9 4 2 7 



iRH^MjE^FJe t ft 5 o^Kit-r^ c t ^#5 e 
[I^McoffimftgiW] 

So 

[13 3] RIC<»l©*««|©X-AU>'XO"t»|IBJ|||j« 

[ni4] mc<mi(Dmmm<DX-M,u>X(Dmmmz 

[El 5] *«W<0*2©*SIIS©®«^«5X— AU^X 

[ni6] 12 5 i^-rjg 2 <Dmm<vmm^mzm 2 (omm 

[El 7] ^2<DHJ6#JoX— AU^X<D^p B m«£gBi^ 
[SI 8] l2^||J|«OX- AU>-X^M»Sg^^^5 



[121] 




So 

[0 9] W<om3<D ^ 

<5o 

[1210] m9ic^irm3<Dmm<Dmm\c&kzm3 2m 

W«>X— Au>X<ojE*«Kii3W-5*ffiJR3l, #j£JRiS 
[121 1] ^3HM^JcoX— Au^XotplH^BEK^ 

[121 2] ^3HJ6^coX— AU>X(^Ma«8fcis^S 

Gl, Gl' , GT Ml \y>Xm 
G2, G2' , G2" %2 U>X» 
G3, G3' , G3" ^3 U^Xffif 
1 — 15 1/ yx©*?ffi 
16 — 18 ^/l^tf^^ffi 
S BBPiR?) 
F -7^;V? 

L1-L7, LI' -L7' , LI" UVX 

L 8 s<*-7 

L 9 *tote;*7 y h:7wvw* 



[12 2] 



F/Na=2,8 cu=32.2 cu=32.2 




-0. 050 0 0. 050 -0. 050 0 0.050 -2.00 0 2. 00 
SA.SC Ast Dist 



#BH^p 11-194274 



[H3] [14] [H6] 



F/Kq-3.6 w-19.8 a>-19.8 F/Na=5. 1 <u=ll.7 <u=ll. 7 F/Na»2. 8 cu-32.2 a>=32.2 




[15] [0 7] 




-0. 050 0 a 050 -0. 050 0 0. 050 -2. 00 0 2. 00 
SA.SC Ast Dist 



I' 



(14) 



. !&ffi¥> 11-194274 



[0 9] 



? ?j 5 67891011121314 151^61718 




F/?fa=2.8 



[01 0] 



ai=32.2 



a>*32. 2 



G3*l F 



1 1] 




o>=19.8 



-0. 050 0 0. 050 -0. 050 0 0. 050 -Z 00 d 2.' 00 
SA,SC Ast Dist 



(a) &n® 




-0.050 0 0.050 -0.050 0 a 050 -2.00 0 ^oo 
SA.SC Ast Oist 





















— 



-(b) m&m 



F/Na=5.0 



[Ell 2] 



a>=n. 7 



aj=n.7 




■0. 050 0 a 050 -0. 050 0 a 050 -2. 00 0 2. 00 
SA.SC Ast Dist 



1 



(15) 



ftfflW- 11-194274 



[asneMH as 6 ajnas 2 k# 

[SMtH] W-I&l 4*E9M 2 5 0 (2 0 0 2. 9. 2.5) 



[<£lfB#-5§-] #gfi^z 11-194274 
[^BB0] ¥/*l 1^7J§ 2 1 0 (1 9 9 9. 

4fcWM*ffc&* 11-19 4 3 
[HJM##] ^¥ 10-10013 
[BKWflP^aflfS7JK] 
G02B 15/20 
13/18 
13/22 

[F I] 

G02B 15/20 
13/18 
13/22 



7 . 2 1) 



[Bttfj B ] ^P-fifc 1 4^7^ 40 (2 0 0 2. 7. 4) 
[#«*f jE 1 ] 

T^£fiific^Wj£*iIU *Tieif5 2*M£^M:, 

mm 2 a^^tt^asarigrtfc jE k vxsr* u 

2 ] mmm 3 & 1 k^ie u yxt-a 

efe Lfc ~ t &m y -ir* WM M 1 fc«PJfe<PX- Auy 



M*9 3i nfrffi«3»^£^M:x-s ><r\z.m\^-c 

#Wr*& z t Z&m k-i-ZtibkiS 1 tcfEifc^X- A u v 

Xn_ 

4 ] mrlHS 2 <P ^Bftg»»ttfe jE U 

ffi as #sftig-efc »j . ■f-o^BfetStt. ^teift^ <b sift 5 

VnjE«5«^*«P< b&ftWtt-fZm 
jfc^JjufE^oX— J* u yX, 
[ §f^Jg 5] Hfriaig 1 fluted* a - *rffc<Ma» & 

X-Ai/yX. 

isi^or. Mitt:. «ift«fciiav^wm»isntfemuv 

flcg ^ a a fc a a fc * = a a a a eii k ^ * - «hm a 

auvx'„ 

[ItaU SMSf^i (M=l~3) (Pttjftgitt 



(1) 2. 62< I f 1 [/F w <2. 72 (f x <0) 

m l a ^Lw <3. 4 

±3J 0 ■ 5 7 < f ^ZXjl< 0.65 



>x. 



(f A >0. f^>0) 
[3MKWIE2] 
[«UE*t*»!g|;&] HJH* 



mmw-i 1-1942 



MtjE*fft«S«] 0 0 0 9 

[0 0 0 9] #389! Ht. ±J6Ufc*t»fc«*T4$ilfc 
IE 3 ] 

[*jE*f*5IBiB] 0 0 10 

[0 0 10] *^H^©IS^3.©@«j(4, /J^jgJ-g 
5. *3§S3coif:*:®4COg#jM\ #{::, BfcffiiR^ttlE 

miEttmmg£] oon 

[*iErt^] 
[0 0 11] 

m left SX-AuyXlt _L3& u tc S ft *r*sW- 5 tc tb 

(1) 2. 6 2 < I f x l /F g <2 



12) 



5 r. t k i 9 , ifcflgfccasattfc^ift Affincoag 

k ^Xtt, g 3 gS^gaat » lfrcQTF u yXfiEt 1 
[^«iE5] 

mjE*m.mm£i 0012 

[0 0 12] »*«J.fclB«b*:*«Wfc«5X-Aw 

LT^ 5. a^g 4 fcflP.jft L m ir m * 
X-AU^Xte, «2i8^g £^C0^3Sftig»llgttfe.TF.U> 

j: ^ . §^ ^^ffin -f&«-t- 5^=^^7fof i/> 

[^^EffijE 6 ] 
[*jE*f^S«i&] Klffl* 
[*I*f*Sgi&] 0 0 13 

[*jE^3^] 

[0 0 13] lf*5Ai-f2«U7t*^0^(^5X-AU 
affi^l6itt fcy=^X7^.^COIEU-VX\ AST » 

-^ax^ oiEuv-xs-eaiBL-cfra 4ooi/yx»^ 

ISX-Ai/yXlt gMSL&Mg (M=1^3) 

U (f x < 0) 



f w< 3. 4 



(17) 



11-19 4 2 



L3J 0 ■ 5 7 < f 



f q <0. 



6 5 



(f , >0. f 3 >0) 



(¥««jE 7 ] 

[MlE*t^li&] 0 0 14 
[0 0 14] 

mfrh&m^fafr-ox, mk. ■M.comifft) ^ttsf i 

®^£W1-3f5 33¥ft^£iEiS:U tfj|2^2|f^^ 

HM&Hf 5E 8 ] 
[*tjE*ttfe*gi«] 
[«IE*t*gi@£] 0 0 17 

[WlEF*)^] 

[0 0 17] X'- A u yx'li, mllS 

fittfcjEU-i'X, ^#:«{ca®Sr(6ii-tfcy-^*^«<^ 

XSriBgbT^5 4o<OUvXSrWt-5o 

J«U J.ouvX^*/h$<-t-5i:4:'b{c. i2wy 

iffijEttmms£i ooi8 

[*KE*I6] SEX 

[0018] ^wi^ax-Ai/yxa. mis 

g l »3t^£»© 2 o© u >XcD 5 *, ©ftfctMttBJfcffia 



I5X-Al/yXtt, tfJfE^2lt^*»4ocou>x' 

WjE^FJS t * 5 <£> £ B^lbi" 5 „ 
[#«*IjE 1 0 ] 
[MlE*f^*IH^] SHIfflS 
[*iIE#t*«g£] 0 0 2 2 

[tt:£;8f85] 

[0 0 2 2] SB 1 l/yX»G 1 tt, ^i8A»?)iS^ 
©X-;y^«LT, El 1 ici^-ri 5 fc, 3t*iLh2:£ 

3E-T5., ^2l/yXSG2li, ^ffid^aac^cox 
I3uyXSG3li, j£AS*^II«^©X-5y^ 

[fMJMlijE 1 1 ] 

[*iE*f *««*&] mmm 

IffiJEttWimS&l 0 0 2 3 
[«IE^?£] ^JS 

[0 0 2 3] m3U yXHG 3(4, id, 

ti£!i®ail«©tt«:S:JSV''-C»«ii-5. 2 uvX 

mG 2*5 J; 0*3? 3 W^XS¥G3 0#t&(cj;5^ffiF®fif^{c 

*3u-vX»G3Sr, tofcflUcfiiSSIMKfc-tt 
a»i*t5ltti9, »2l/y/8G2©/<7-* 

*G2C»lISr'>4< L-T. /hUt? J.oKXfSF«r3t9l 
[^MJMUjE 1 2 ] 

[iiJrtkSB*] 0 0 4 5 
HtlE^ffic] *3C 
[tfflEF*!^] 

[0 0 4 5] ffl, @5(cjoVNT(i, #BIWI10W#S:« 

LI' :fc£t>'L2' HftSSl^XSGl' tt, A 
OJffl^SrW-TSo u>XL3' ~L6' *»e>*5*2 
1/>XSG2' 14, lE<D®mt)$;Gi-Z„ UyXL 7 ' 

«>&45*3u>xiig3' », iE<Dmmt)*m-rz>. 



(18) 



¥fffl¥-l 1-19 4 2 



[3M&fitjE 1 3 ] 
[*IE*t*^Sife] 0 0 4 6 

[0 0 4 6] ^2uyXfG2' tt, 

»3VyX»G3' j££Sga>ibSj&ffi^<©X 

G3' tt. roiptc, ^l&iJt-O^M^iWSrS^ 

x*G3' <n&m^£z>$£mmm~£<9, ixnm^m 

X^G3' 4&#{BIK£iOMW-ffi*£»j£-fr5r t 
^t.^fStOMl/j^-gfc.-tirT, H2l/>X^G2' (©#tb 

[MjEM^S^] 0 0 5 9 

[0 0 5 9] fg 1 U->XS¥G 1 ' i*< JSASb^MjsS 
VXPGl" tt, icDJ;?fc, ^Wcfij^^iW;*- 

VX#G2* Ht, EftS^t>iS*^©X-5 Vi^fvlSg 
G3* tt, JEA«a*»e>aiS*H^<Z>X-$ y^fclUT, 

I2l/yX#G2' W(;i3vyX||G3' W^fljic 

[^ScMIE 1 5 ] 
[*iIE*f^§g£] 0 0 6 0 
[«jErt^] 

[0 0 6 0] ;©i 5<c, JR3 l/yX»G3' Sr, 



SG2" ro^^-AaSreW^-Br/je^^^flfo^ij,^ 
fe*T\ !2uyX|fG2' ©#»*Sri^*< LT, /h 

2.UVX»G2* 0«rft:Wk:ttlt5l!P«5S«t, SB 
2 UVXPG2* t— fc^tt-fS. Lfe#ot; ma 

fcttfcv*. lief 1 ~f 3 u V X»G 1 " ~ G 3 ' li, 
*i*sir/KE2©|fe»©»i8o#^i:iiitRfc, fMuy 

X» (M= 1 ~ 3 ) 0>j«j£gE««: f, iL, j££ j»fcj3 

(1) ~ (3) *«JS-TS ± 5}c«^^ttTV^-5 0 
[#^MiE 1 6 ] 

IffilEttgtTMB&l 0 0 7 2 
[0 0 7 2] 

2mytm&<D<yoitMiz, x— 5>^»^r»2#*^5r 

i t J; t) , &fflincacpffl:tft^3%»i LTEgfi 

^®m^xmmzm\ mw.m 1 m%m&immm£g. 

jjfcjLk^X£JLU tnflB^21$^^fa^Bfer5T»t5-tt 

VX. ttttfflfcftV^ffiafiff&riart^lEUVX/ 4fefitfc«r 
V^Bi>fffi&lfijttfc-#UVX, lEUVX£iBgG-Cft-5 «l 

£Jjf 5fc L H -r> ,bW iY,-rz> tLLhl^ m?.u vXgL£g£ 

^. lfefti|^ ^<OSlI^(Pi>i,B»grtiSVN-r^aji-j-5 ' ^t'J: 

k ^Mffe 0 tea* iv /N g>T» 1 0 jfg^» t^ffi je 

&wmiE 1 7 ] 
[«iE*f^s^] mmm 

imJEM^mB^,] 0 0 7 3 
[ffilErt^] 

[0 0 7 3] *I«©1t*Sl©X-A 1/ yXt in 



(19) 



#dB¥ 11-194274 



[#«MGjE 1 8 ] 

miEm^mn^,] 0074 
[fflm^fe] sac 

[0 0 7 4] *3£^c9fi*:fl5_cDX— A l^yXl; Xti 



^'UyXftf-gX-Ai/yX»ML. Ho. S2» 

5. :»3j£Wcofg3ftiI7(PX— ^u^Xtc^titf. 

MMSa^H (M=l~3) < PttaBE«frf B . 

31 ikffi : 



(1) 2. 62<l f i l/f , <2. 72 (f i <0) 

(2) f , /f . < 3. 4 



(3) 0. 57<f, / f ? <0. 65 (f ? >0. f,>0) 



W±±3iZ, ^laoT, X— Au>-X£/]s%j-fbu !EM 



(3) g)ei^t^r^(iJ:oT- £&viu^X&&g 
fcSfcfrfrfrfefr-f. /MBIT?. iR^^a^FlviMlEi-ar 



(20) 



iftm^i 1-19 4 2 



IWffB] W-I&l 4¥9^ 2 5 B (2 0 0 2. 9. 25) 



[£§B#-§-] ^mW- 1 1 - 1 9 4 2 7 4 
l^m 0 ] 11^7^210 (1999. 

[¥ii-s§-ifc] ^m^m-^m 11-1943 
itam^i #1? 10-10013 

G02B 15/20 
13/18 
13/22 

[F I] 

G02B 15/20 
13/18 
13/22 



7.2 1) 



[ti£i50] ¥fi£l 4^7fi 4 0 (2 0 0 2. 7. 4) 

i^mmiE i ] 

mvfjj&^-tzmi&it^m. jEroatFr^^w-r-5^2 

yqwm^Ki&.-t- -5 r t \zi k> . {till!- ih^y^m^m l 
TiMlroairiiEL, ifrfe^2H^^(s x %m 

miflF.^i m *&m±&mm&wktffr-% u>-x»»i, aft 
ft:, #?&{M! -^v^ffiffifr[frttfciFu>-x. ttomm~%s 

M^X-AUVX,, 
[f»*«2] ffllPJB 3 ii*:^ » l ftrco 7F u v ggg 

gic t-fc r t k ■rzmxiM 1 izw.m.cp x- a l- v 

X. 

-OJ 2. 6 2 < I f j_ I / P 

-L2J f i/fw<3. 4 

13J 0 . 5 7 < f ^IQ^M 



>x„ 



#iH-<5 - k *mm k-t*m*m i tr.i?.itox- a ^ > 
x„ 

[ff*« 4 ] Hfrism 2 (D^MM^mrkjE- u 

*E 9Kl* ^ iff gg LT BP.I9 A ii,. a»,^Bll^ i„ v q" 

vnjE©JS^^||< ^-SiFg^Sfcsr tSr#mt-f-5» 
*^JJ-IE%<OX— A u vX„ 

>xzmmL,xtez k k t.iz. m*M&M£ME±£ * 
x— a uvx, 

X. to&m z&ttfrfal-tftt-xijx.tit&jEl'^X. #i 

OuyX^;^M> t5gffgl tclP.iScoX- 
AUVX„ 

7 2 (f_ L <0) 

(f? >0. f ,>0)_ 



[fH**jE 2 ] 

iMJEs&stwm&i wmi 



(21) 



mmw- 11-1942 



IffijEtt^mg*] 0 0 0 9 
[«jE*«6] ^35 

[0 0 0 9] ^fgBJii, ±xeL.7t*1ffC^T^$ixfc 

3§?*!<Off?5ft3Rltf>I&<jte, ^lit5i/yXft|[»/i 
< . L#> Vh!!T-5.oiKMa s &# f;:*f:iE£*WfcX— A u 

x- a u vX^ffiHftj- s r £ £ fe 5 . 

[^ggffilE 3 ] 
[«iE*f&»»&] 91*0* 
[*f:£;tf*flB£] 0 0 10 

[ooio] *^pjco!t*^3.^S^J«. *5rfc, abSLg 

HM**t ie 4 ] 

HtjE*f**I£] 0 0 11 
[0011] 

[RJg£fl¥fc1-5fc#<Z>#Jg:] W*5llKE«JLfc*36 

jE©fflW#**r-*-5*3#3te5S*&ERU «J!3m2f¥ 

JJJ 2. 6 2 < I f _ J /Fw<2. 

_I2J f^/fw O. 4 



k ^Xfr » u ttfrfittB 2 g&^&&3EMffi£&ii± 3E k 

[fi«E5] 

MtjEStaMlB*] 0 0 12 

[WiEjEriSfe] 

[MjE^^J 

[0 0 12] tf^3.t-fa«cU7t*l 



X— A UvXte, ^2i¥^£3l<£>jEBftg£:%'ttfciEUV 
S. fg#3l5^feifeLfc*^W^5X-AWXtt. 

fefll jz a s » a rt fc * = x a * ^ <p* k v x ^ . ^fein 
(caB^i^tt fey — x;fr;*:ift<p:Eu>X£:BagL,-cft5 

[#^MIE 6 ] 

miEtt^B&l 0 0 13 

[0 0 13] ff*«J.I-15«bfc*%0JIC^5X-AU 
dbffi^fSHtfc ^ k >X, ^ffltc£bt5i» 

ifiittfe y k vx\ jjMi^affi^Jsiafe * 

^7 ^^(P TE k VXjSJSg LTftS 4 k VXjfct: 
«5X-Ai/yXll, SMi^^l (M=l~3) <DM 

7 2 ( f , < 0) 



(22) 



1-1 9 4 2 7 



X3J 0. 5 7< f o. 



f l<0- 



6 5 



(f « >0. f , >0) 



[«IE*f*«Ii&] 0 0 14 
[0 0 14] 

[#«WIE 8 ] 



[*3E*fJM 
[0 0 17] 



life] 0 0 17 



|5X-Ai/yXll, lust 
#-(RiJ(c£jMSrfB]{tfc ^ = * IE u vX^ggg LT 

XSriESLTftS 4ocow>-X^^-r5„ :oij)ii 
[^8H*jE 9 ] 

[«IE*t*^g;fe] 0 0 18 

[*KE^ft] mw. 

[0 0 18] l^*^il-I5X-Auy/|j:, ffilE 
Il»*^©2-o©l'yX©5 tWMfflKffcg 



MSX-Al/^Xtt, StrSE*2#3t^3R©4o©u>X 

fSE*s*RE3pJE i * 5 © Sr RFJti" 5 . 
[#«MjE 10] 

[«IE^*^Sife] 0 0 2 2 . 
[ffilE^ffi] 

[0 0 2 2] ffll l/yx*HG 1 tt, i£^ffi^P>a3SSgX 
©X-Sy^(;ILt, HI 1 iC7jk-f-± 5 (c, fttt_h££ 

Ili8-.©X-5y/tSLt©, J«ji£ffi««>aS&«:M 
iEi-5. I2 1/VXSG2IJ, ^K^iSiB-NCX 

SSS3 u->Xi¥G3«:, Z£^Sg*^M^^«©X— 5 ^ 
1 1 ] 

[*n*f*«B45] mum 

mJEM^B^I 0 0 2 3 
[MErt^] 

[0 0 2 3] M3 U^^m-G 3f4, r. <£> J: o K , 
HG 2*3ir>**3 uvX^G3^»{iJ;5^i!if^fc 

©i5t, IB3 U^X3¥G3&, ®fcm\z.{hgm&ite&. 
W&Wi^^^Z. b\C£ K) , ^2l/yXgG2©^!7-^ 

[#S£*ie i 2 ] 

[*IE^*^gife] 0 0 4 5 
[4#iEl*9^] 

[0 0 4 5] i*h l2l5}C*5V^Tf4, 'S-ffiffillO^*^ 
*LT*5*s, Ell Ktf Lfcf$-^ilUCT-£>$„ UVX 
LI' *5ii^L2' i>P>*5f lt/VXSGl' fi, A 
©I^SrftS. l/>XL3' ~L6' Ji»e>>fe5*2 
I/yXpG 2 ' {4, jE<OJB#f***^5. U>XL7' 

iiuyxiGi' f*, i£ft*d»e>aitiH^©x-* v 



[#«g*§IE 13] 

[MiE^Sg^] 0 0 4 6 
[ffiiE^fe] 3: IE 
[MiEl*!^] 

[0 0 4 6] f52uyXg¥G2' tt, /2^i ibfiigiS 
G3' #/#:ft'JiC[£bWM^WfiW?r^V^ 

xnG3' <D&mz£%m$Wima <o, iKnm-hm 
xgG3' mfcmiz£,?mmz.&m&W)£ j <tz>z. t 

[#iiii4] • 

[*]E^*^gi&] 0 0 5 9 

[4ftIEf*I;#] 

[0 0 5 9] Hll uyXSGl" fi, j£^^^t>Mjfiffi 

-&*frhmw)^fa*R^xmfcm\z. ! ®W)-rz> a mi^ 
yxgGi" &m^a«mft<Dmmz 

yXgG2' &ft^hW&ytk^<n?:-*^if\z.m. 

G3" fi, ^SA^ISfi^CX-S y^CSLT, 
LTfg;«c#lW-5 0 !3l/yX^G3" te, 
I2UVXIIG2' W>-X§¥G3" co^Kltc: 

[#gg«IE 1 5 ] 

miE^Mms^] 0060 
mjExm ax 
[ttirt^] 

[0 0 6 0] rcoipKl, f 3wyX»G3' 



1#gfl^l 1-194274 

pg2" <Ds<7-ikmzmm£ittefrbm%?>ffi®&i§. 

*?-frT, I2l/yX»G2' W^lftft LT> /h 

2 uvxiG2' b-mz®W}-rz<, vt^ox. ma 

tttr&VN. 3VVXSG1' ~G3" tt x 

(M=l~3) O^figffiS-f,, tL, Z££S8K.*5 

(1) ~ (3) &j*JS^3±5fc*fi!&£*vrV'>5. 
[#§M§IE 1 6 ] 

imiEMmma^] 0072 

[fctlEl*!^] 
[0 0 7 2] 

^ISffi^roX-iy^u, mrlEfSii^^te, 

rib-*- 3 riiao, ^{KijcoroMkf-^Ki ltim 
K&m^xmmzm\ miajg 1 aa^Mai&Ms^ig 

ttfe-fl U yX»f U ffllSS 2 «Ett,3fcaSftt jEBRBfrMlft 

yx, ^ffltc^^aifftif^rfeittfdEu-vx: ungues 

fi fc-cfe5<£>T'. 'Mv^ yXftt TX-AyyX 
»«Bfe L l o /hS Hfefca Liiiii^ S2y yx»m 

0. ^W^«a^X-;yyi:HLTm. &g 

m 3 »-ft^as» 1 tecoiE u yxr-M ifc<p-g. 

[^^«E 17] 
[*tjE*f**I*] 0 0 7 3 

mttm sx 

[0 0 7 3] *^B^co|»*a3.oX-Auvxic:itu 



(24) 



ftffi¥-l 1-194274 



frp?ih-*-sr J-as-gfra. 

[#§£ffilE 1 8 ] 
[WESMfeSB*] 0 0 7 4 

[0 0 7 4] *»WO»*Si©X-A H/XC ill 

Miff: . fefeffl i-&m&fartt£*-*x*tk<DHu>x 



3L ^tf : 



(1) 2. 6 2 < I f , I / f . < 2. 72 ( f , < 0) 



(2) f, /f. <3. 4 



(3) 0. 57<f,/f,<0. 65 (f,>0. f 1 >0) 



jB3«hfe3£&<PjEg>Jnar:ftfr4IM* 

(2) tDiiiij;ts;jriaoT. Miltiai» 



(3) (PiiS^t5rj-tJ:or. ^to'^yXfttf 



